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OBSERVATIONS IN A CASE OF MUSCULAR DYSTROPHY, 
WITH REFERENCE TO DIAGNOSTIC SIGNIFICANCE 

REM BOWDEN, MB, BS, and E GUTMANN, MD, D Phil 
HEADINGTON, OXFORD, ENGLAND 

D iseases affectmg the muscular system may present difficulties 
in diagnosis, particularly when they are characterized by atrophy 
of the muscles For example, there are striking similarities in the 
course, signs and symptoms of the late dystrophy of distal type 
(Gowers) and of progressive muscular atrophy The former belongs 
to the group of diseases which may best be described as the primary 
myopathies, or muscular dystrophies, and the latter to the so-called 
secondary myopathies 

In the primary muscular diseases, such as progressive muscular 
dystrophy, the pathologic process is thought to begin within the muscle 
fibers themselves, the changes result in weakness and paralysis m the 
presence of an apparently normal motor nerve In the so-called secon- 
dary myopathies, the basic lesion lies within the spinal cord or the 
peripheral nerve, and the atrophy of the muscle is dependent on changes 
within the lower motor neuron 

It IS possible that histologic examination might throw light on the 
course of the muscular dystrophies and, moreover, help to establish a 
diagnosis in some cases The possibility of histologic differentiation of 
these two groups of diseases has been denied by Durante^ (1902), 
but many authors do not accept this view Among those who have 
described characteristic changes in dystrophic muscles are Pappen- 
heimer,^ Slauck ® and Hassin ^ 

In this paper a further attempt is made to define the histologic 
differences between the primary and the secondary myopathies 

From the Nuffield Department of Orthopaedic Surgery (Miss Bowden) and 
the Department of Zoology and Comparative Anatomy (Mr Gutmann), Oxford 
University 

1 Durante, G Anatomie pathologique de muscles, m Cornil, V , and Ran- 
vier, L Manuel d’histologie pathologique. Pans, F Alcan, 1902, vol 2, p 1 

2 Pappenheimer, A M Beitr z path Anat u z allg Path 44 430, 1908 
3 Slauck, A Pathologische Anatomie der Afjmpathien, in Bumke, O , and 
Foerster, O Handbuch der Neurologie, Berlin, Julius Springer, 1932, ^ol 16, 
p 412 

4 Hassin, G B J Neuropath & Exper Neurol 2 315 1943 
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METHOD 

Two cases are described in winch weakness was fiist noticed in the muscles 
of the lower eKtrennties Specimens of muscle were taken for biopsj and fixed 
immediately in a 5 per cent concentration of official solution of formaldehjde m 
isotonic solution of sodium chloride Frozen sections w'cre cut and stameef w'lth 
Gros’s modification of the Bielscliowskj method (for the dctermiiialioii of nene 
fibers), hemato\\lin and cosm and sudan III Part of the specimen was embedded 
in paraffin, and the sections were stained with hematoxjlm and cosm and with 
IMallon’s phosphotungstic acid stain 

REPORT or CASES 

Case 1 — History — The patient was a man aged 42 On direct questioning, he 
admitted having noticed a slight loss of strength some time before October 1939 
In No\ ember 1939, m the course of treatment for a simple fracture of the left 
ankle, drop foot w'as noticed b}' the ph 3 Sician Elcctrothcrapj miproaed the power 
of the weak muscles During 1943 the hands bccinie weak, and the patient had 



Fig 1 — Apathetic facial expression (myopathic facies) 

difficultj’- in carrying weights and finally was unable to pull the trigger of a rifle 
wath the right forefinger In November 1943 there was sudden onset of pain in 
the left calf, related to exercise, subsequenth, the pain became less se^crc It was 
usually precipitated by walking but w'as not increased if he continued with exercise 
There w'as no deterioration in power as the daj’’ w'cnt on No djspliagia, diplopia 
or ptosis , no sphincter disturbance, and no loss of w eight, dyspnea or anorexia was 
noted 

Past History — ^The past history revealed nothing significant 
Family Histoiv — There w'as no familj’’ historj^ of a condition similar to the 
patient’s The patient had 2 noimal boj^s, aged 11 and 13 years 

Eramiiiaiwii — Cranial Nerves The facial expression (fig 1) was apathetic, 
with weakness of orbital muscles and paralysis of the upper lip Otherwise 
nothing abnormal w'as detected The external ocular movements and the pupillarj 
reactions w'ere normal 

Spinal Nerves There w'as generalized weakness of all muscle groups, including 
those of the trunk The distal muscles w'ere more affected than the proximal 
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ones, and the left leg was involved more than the right There was bilateral 
paralysis of the latissimus dorsi and tibialis anterior muscles Fasciculation was 
not visible 

Electrical Reactions Tested with Bauwens’® machine, using stimuli of 
1/1,000, 1/50 and 1 second duration, the threshold stimulus was measured in milli- 
amperes The muscles of the peroneal groups responded normally 


Muscle 

Tibialis Anterior 
Right 

Left 


Duration, Sec 

A. 

1/1,000 1/so 1 


No response at 40 ma 


No response at 
40 ma 


At 16 ma sluggish con 
traction 


At 40 ma small localized Nil 

flicker 


At 11 5 ma sluggish con 
traction 


Electromyographic Study Both the right and the left tibialis anterior muscle 
showed only a few motor unit action potentials, some of which were polyphasic 



Fig 2 (case 1) — ^^Veakness of the abdominal muscles and absence of conspicuous 
localized wasting of the muscle groups 


and of low amplitude In addition, action potentials which were indistinguishable 
from those of fibrillation were present in the right tibialis anterior muscle 

Reflexes The reflexes were brisk in the upper limb The abdominal reflexes 
were present The knee jerks were brisk and equal on the two sides The ankle 
jerks were absent Plantar responses were of flexor type 
Sensation There was no demonstrable sensory loss 

Chmcal Diagnosis — The clinical diagnosis was muscular d 3 'Strophy of late 
onset The interesting features of the case were the late onset of disease, the 
absence of a family history of a similar disorder and the finding of action poten- 
tials resembling those of fibrillation Records of isolated cases of progressne 


5 Bauwens, P Brit J Phj’s Med 4 150, 1941 
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muscular dystrophy of late onset are not numerous m the literature, and the 
symptoms are varied, but cases similar to this one ha\e been described (Nevin°) 

Bwpsy — On Dec 15, 1943 specimens of muscle from the left leg were taken 
for biopsy, with local anesthesia The muscles were stimulated directly, using an 
induction coil and two needle electrodes The peroneal muscles were rather pale 
but contracted briskly with a stimulus of 1 85 volts The tibialis anterior and 
extensor digitorum longus muscles were exceedingly pale and fatty looking With 
a stimulus of 5 volts a massive, sluggish and undulating response was obtained 

Progress (Oct 20, 1944) — The patient complained of increasing generalized 
weakness, he found it difficult to run or hurry and his appetite was deteriorating, 
but there was no other change in the symptoms 

Weakness of the trunk muscles was more marked, the abdomen protruded, 
and there was postural kyphosis (fig 2) There was no further paralysis, although 
generalized w'eakness was more noticeable There was no obvious wasting of the 
small muscles of the hand (fig 3) 



Fig 3 (case 1) — Absence of wasting of the intrinsic muscles of the hand 

Elect7 oinyogi apinc Study — Right and Left Tibialis Anterior Muscles The 
motor unit action potentials were polyphasic and of low amplitude There was only 
doubtful fibrillation irritability' on insertion of the concentric needle electrode, but 
there were some action potentials indistinguishable from those of fibrillation (fig 4) 

Right Latissimus Dorsi Muscle Motor unit action potentials, of the same type 
as those seen in the tibialis anterior, were present No fibrillation or fibrillation 
irritability was found 

Left Flexor Carpi Ulnaris Muscle Motor unit action potentials were found, 
with some action potentials indistinguishable from those due to fibrillation irritabil- 
ity 

Histologic Observations — Examination of the four biopsy specimens (taken 
on Dec IS, 1943) showed varying degrees of atrophic change The disease had 
apparently started at different times m the muscles, and thus an opportunity of 
observing the progress of the pathologic process was provided 


6 Nevin, S Quart J Med 29 51, 1936 



BOWDEN-GUTMANN— MUSCULAR DYSTROPHY 


5 


Atrophy was slight or absent in the peroneus longus and more advanced in 
the extensor digitorum longus muscle, and in the two specimens of the tibialis 
anterior muscle it was of extreme degree 

Peroneus Longus There was a slight increase of fat and connective tissue 
between the muscle fibers There was no indication of atrophy, the average 
diameter of the muscle fibers was 40 microns 

Cross striation was clearly visible, and there was no hyaline or fatty degenera- 
tion There was apparently an increase in the muscle nuclei (fig 5 A) The 
nuclei were arranged m rows and sometimes m clumps (fig SB), an arrange- 
ment which IS not found in normal muscle fibers Often the nuclei were clustered 
m pairs, and this was especially conspicuous near the capillaries (fig SC) No 
mitotic figures were seen, and there was no increase in the number of the nucleoli, 
such as can be found in early stages of denervation atrophy The nuclei had one, 
and rarely two, nucleoli Around many of the nuclei a halo of small granules 
was found (fig 5 D) These were clearly visible m sections stained with silver 
but were not apparent m hematoxylin-eosm preparations In normal muscle fibers 
granules are found regularly distributed at the level of the Q bands Such granules 
were also observed in this muscle, but they were usually restricted to a narrow 
zone of the fiber close to the nucleus This alteration in staining reactions and 
distribution of the granules is not explained, but it does suggest that some patho- 
logic change may have taken place m the sarcoplasm of the muscle fibers 



Fig 4 (case 1) — Electromyographic tracings from the tibialis anterior muscle 
(during maximum voluntary effort), showing the bizarre, highly polyphasic motor 
unit action potentials and the spikes indistinguishable from action potentials char- 
acteristic of fibrillation, the latter being marked by arrows 

No empty nerve trunks were seen The fibers were thick and myelinated 
The pattern of innervation was normal The terminal branches innervating the 
end plates lay near to the mam trunks (fig SB) No abnormality was found 
in the nuclei of the endplates 

Extensor Digitorum There was a slight degree of atrophy, with some 
increase of fat and connective tissue between the muscle fibers Many of the 
fibers were rather thick, some being even larger than normal (diameters of 90 
microns were found), but there were also groups of rather thin muscle fibers 
Some fibers were very large, appeared swollen and showed many spaces, with 
loosening of the compact arrangement of the fibrils Cross striation was still 
clearly visible There was an apparent numerical increase of the nuclei, for the 
muscle fibers appeared to be packed with them Some of the nuclei were arranged 
m long rows, and in other parts there were large clumps of nuclei (fig 5F), often 
surrounded by fine granules In silver preparations round or oval vacuoles w'cre 
occasionally found betw^een these clumps (fig 5 G) They w^ere represented by 
pale circles, surrounded wuth a halo of granules Some of these vacuoles were 
about twuce the size of the neighboring nuclei, but on an average they were of 
about equal size 
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Figure 5 


(See legend on opposite page) 
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Tibialis Anterior The muscle showed an extreme degree of atrophy A large 
part of it was replaced by connective tissue and fat Scattered in the connective 
tissue were remnants of the muscle fibers, some thin and crowded with nuclei, 
others consisting of very large fragments filled with unstriated and apparently 
degenerated material (figs SH and 6 A) However, it seemed that the muscle 
fibers had not all been attacked simultaneously, and some were still of fairly large 
diameter and the cross striation was intact Some of these fibers showed a cen- 
trally placed row of nuclei arranged in long bands (fig 6 B) Around these 
rows or clumps of nuclei there was often a clear halo, but the more peripheral 
part of the muscle fibers still showed cross striation (fig 6 C) In some fibers 
fibrillary disruption was proceeding, in others there was only a peripheral mantle 
of striated fibrils around a clear central zone, and in others unstriated fibrils 
embedded m a granular material were just detectable (fig 6D and E) These 
changes possibly represent stages in the dedifferentiation of the protoplasm of the 
muscle fibers Several muscle fibers Avere represented by tubes filled Avith pj^knotic 
nuclei clustered tightly together (fig 7 B) , others contained in addition distinct 
eosinophilic masses, usually in the form of droplets (fig 6 F) In such fibers 

hyaline degeneration seemed to be occurring Many fibers, of varying size, were 

filled with irregularly distributed granules and groups of small nuclei It was 
apparently in these fibers that fragmentation occurred (fig 7 A) This fragmenta- 
tion seemed to be the latest stage of the atrophy , intermediate stages could be found 
m which pieces of muscle fiber were still connected by fine strands The same 
appearance is found in the late stages of denervation atrophy (Bowden and 
Gutmann ") 

The nuclear changes were a striking feature of these dystrophic muscles There 
might be an aggregation of nuclei, usually of uniform size The majority were 
small and pyknotic and lay togetlier in clusters, some showed signs of breakdown 
of chromatin In others onlj’- the nuclear membrane stained darkly and irregularly 
(fig 7 C), or a pale shadow might be all that was left (fig 6E) Around single 

nuclei or groups of nuclei clear halos often appeared (fig 7 D) Two or three 

pyknotic nuclei might be surrounded bj’’ a clear zone, others were clustered in 
groups, or there were large, featureless pyknotic masses, probabl}'' formed by the 
coalescence of several nuclei Finally, fragments of nuclear remains could be 
seen, and these were apparently undergoing ultimate dissolution 

Inneivatwn — There were no empty nerve trunks In the larger trunks the 
nerve fibers were thickly myelinated, but in the individual Schwann tubes the 

7 Bowden, REM, and Gutmann, E Brain 67 273, 1944 


Explanation of Plate 

Fig 5 (case 1) — A to E, musculus peroneus longus A, muscle fibers crowded 
A\ ith nuclei, arranged in rows or clumps , B, muscle fiber with clumps of nuclei , 
C, nuclei arranged in pairs along the capillaries, D, muscle fiber with a halo of 
granules surrounding the nucleus , E, muscle fiber showing normal pattern of 
innervation 

F and G, musculus extensor digitorum, showing (F) manj’^ small nuclei arranged 
in clumps and (G) nuclei arranged in a cluster around a vacuole 

H, musculus tibialis anterior, showing extreme degree of atrophj of the muscle 
with many thin muscle fibers crowded with nuclei and some large fragments of 
muscle fibers Avith no cross striation The nerA^e fibers run for long distances 
between and along the muscle fibers 

In this figure, and in figures 6, 7 and 8, all sections are of muscle stained a\ ith the 
Bielschowskv method except AA'here otherA\nse indicated 
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diameter of some fibei s was rather small in relation to that of the tube The axon 
occasionally branched, and these branches ran along or across the muscle fiber or 
within the connective tissue, forming terminal knobs, such as are seen when 
regeneration of the axon has occurred (Gutmann and Young s) (fig 8 A) Small 
rings (fig 8 B) or large end bulbs (fig 8 C and D) were seen on the surface of 
the muscle fibers or within the connective tissue This pattern of innervation 
is not found in normal muscle but is typical of muscle reinnervated after some 
delay (Gutmann and Young s) The picture resembles abortive regeneration of 
nene fibers 

Comment — We may now attempt to leconstruct the sequence of 
changes m this case of progressive muscular dystrophy. The pathologic 
process is fiist indicated by the reaction of the nuclei and the granular 
constituents of the sarcoplasm The muscle fibers appear crowded with 
nuclei vhich aie ai ranged in long lows or clumps The reaction of 
the sai coplasm is indicated by the appearance of granules, either m 
longitudinal zones or in a halo around some of the nuclei At this 
stage there are no demonstrable degeneiative changes in the nerve 
trunks or the nerve endings In later stages there is a further increase 
of nuclear agglomerations, some of the nuclei become pyknotic, and 
later the chromatic material is dissolved A striking feature, best seen 
m silver preparations, is the appearance of vacuoles between groups of 
nuclei The process does not begin simultaneously in all muscle fibers 
Muscle fibers with intact cross striation and large, bloated nuclei may 
be seen side by side with fiagments of fibei s represented by sarco- 
lemmal tubes filled with clumps of pyknotic nuclei The break-up of 
the muscle fibers appears to begin in the region of single or agglom- 
erated nuclei, around which clear halos may be seen where the cioss 
striated material has been destroyed It may be that these spaces and 
the fragmentation of the fibers are caused by a lytic substance freed 
by the nuclei Continuity of the muscle fibers is further lost by longi- 
tudinal splitting Remnants of muscle fibers are found represented only 

8 Gutmann, E , and Young, J Z J Anat 78 IS, 1944 


Explanation of Plate 

Fig 6 (case 1) — Musculus tibiahs anterior A, extreme degree of atrophy of 
the muscle Note large fragments of muscle tissue filled with unstriated material 
B, muscle fiber in which the nuclei are arranged in a central row C, muscle 
fiber with a central row of nuclei surrounded by a clear halo, only the peripheral 
mantle showing cross striated fibrils 

D, the different states of the muscle fibers One muscle fiber is in process of 
fibrillary disruption, another shows a central halo with a peripheral mantle of 
striated fibrils (Mallory’s phosphotungstic acid hematoxylin stain ) 

E, different states of the muscle fibers One muscle fiber shows intact cross 
striations, another contains only a few fibrils and nuclei in the process of break- 
down of the chromatin, another shows just a few unstriated fibrils embedded in 
granular material (Mallory’s phosphotungstic acid hematoxylin stain ) 

F, muscle fiber containing a droplet of hyaline degenerated material between 
pyknotic nuclei (Hematoxylin and eosin ) 
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b} a thin band with a few nuclei and granules and with fibrils splitting 
up in all diiections 

It is inteiesting to note that even in the latest stages cross striation 
of the thinnest muscle fibeis ma} be intact, but it cannot be detected 
in fiagments which are filled with iiregulaily distiibuted gianules and 
disintegiating nuclei In such fibeis the cytoplasm apparently under- 
goes fai leaching, and piobably iiieveisible, changes, which appear to 
lead to loss of contact of the neive with muscle fibei If we may assume 
that the pathologic change leads to a distuibance at the myoneuial 
junction and that the nene fibeis giow out again in an attempt to form 
new contacts, it is possible to explain the changes which present the 
picture of aboitive regeneration of the neive fibers 

Theie is no sign of degeneiation in the laigei neive ti links, or of 
ail} preMoiis degeneration, vhich vould be indicated by an inciease 
of the Schwann cells in these tiunks Moieover, the long “escaped 
fibeis’ lunning between the muscle fibers aie often naked axons, which 
can be tiaced to a nene fibei within a Schwann tube Thus it is clear 
that 111 progiessive musculai dystiophy the pathologic changes m the 
muscle fillers aie piimai}'’ and lead to a distuibance at the myoneural 
junction and to loss of contact of the neive fibers The terminal axons 
grow out taither in an attempt to foim new^ contacts, but the changes 
in the muscle fibers aie usually too far advanced to allow successful 
reinnervation 

Since theie aie obvious diffeiences between the so-called primary 
and secondai} myopathies, histologic examination of the muscle is 
likely to be of value both in diagnosis and in classification 

In a comparison of the piimaiy and the secondai y myopathies, two 
questions ha^e to be consideied 1 Where do the pathologic changes 
m piogressive muscular d)strophy begin, and wdiat is the sequence of 
events^ 2 Are the histopathologic changes in the dystrophies specific 
and tl ei efoi e distinguishable from those of the secondary myopathies ^ 

1 Histologic Observations Histologic studies suggest that the first 
reaction to an unknown pathologic agent is one of the nuclei and the 
granular constituents of the sarcoplasm The nuclei react wnth an 
apparent numerical inciease, and they form row’^s and clumps, w'^hich 
are not found m normal muscles There is no increase m the number 


Explanation of Plate 

Fig 7 (case 1) — Musculus tibialis anterior A, extreme degree of atrophy 
A muscle fiber filled with irregularly distributed granules is seen in the process 
of fragmentation F, muscle fiber filled with clumps of p 3 '’knotic nuclei (Hema- 
toxylin and eosin ) C, part of a muscle fiber with one nucleus showing break- 
down of the chromatin D, groups of nuclei surrounded by clear halos E, single 
Schwann tube containing a nerve fiber which branches off and runs along a muscle 
fiber F, nerve fiber running across the muscle fiber 
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Figure 8 

(See legend on opposite page) 
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of nucleoli, such as is found in denei vations In these early stages of the 
disease the muscle and nerve fibeis show no pathologic changes There 
IS no indication that the piocess starts in the inteistitial tissues, as 
suggested by Babes and Marinesco.^ In the early stages the nucleai 
reaction is conspicuous, but there is no mflammatoiy leaction or increase 
in the connective tissue Eib described hyperti opine muscle fibers as 
typical of the early stages of the disease These observations led him 
to the conclusion that the disease begins with hypertrophy of the muscle 
fibers, n Inch is followed by atrophic changes No definite confirmation 
of this assumption was found in the present case, though it was not 
one of pseudoli}'pertrophic musculai dj^stiophy In the later stages the 
nuclei undergo changes leading to then dissolution, and this process is 
accompanied by fragmentation and ultimate replacement of the muscle 
fibers 'With connective tissue The onset and course of the process vary 
in the different muscle fibers Thus, thin muscle fibers with intact cross 
stnation and nuclei may be found side by side with large fragments of 
muscle filled with irregularly distiibuted granules and clumps of nuclei 
Pyknosis and clustering of the nuclei, dissolution of the chromatin and 
formation of vacuoles are stages which seem to be significant 

The agglomeration of the nuclei in rows or clumps has been 
described by most authors Lewm described the “proliferating nuclei” 
as “myophages” and referred to their “phagocytic function ” He stated 
that these myophages invade and destroy the contractile substance, 
forming lacunas or iriegular spaces, which may contain fragments of 
striated material This mateiial could also be seen within the myo- 
phages themselves Lewm, and afterward Pick,^^ identified the “myo- 
phages” with Kollikers osteoclasts 

It IS, however, necessary to distinguish the halos and lacunas which 
are formed around single pyknotic nuclei, or aiound clumps of them, 
from the vacuoles appearing between the nuclear masses There is 

9 Babes and Mannesco, cited by von Meyenburg^*^ 

10 Erb, W Deutsche Ztschr f Nervenh 1 173, 1881 

11 Lewm, A Deutsche Ztschr f Nervenh 2 139, 1892 

12 Pick, F Deutsche Ztschr f Nervenh 17 1, 1900 


Explanation of Plate 

Pjg § (case 1) ’ — 'A to D, musculus tibialis anterior A, nerve hber running 
for a long distance between the muscle fibers and within the connective tissue 
Note the terminal knob P, nerve liber ending on a muscle fiber, with knobs and 
end rings C. nerve fibers running along a capillary and ending m knobs U, 
nerve fiber ending on a muscle fiber with a thick end knob, characteristic of a 

regenerated nerve fiber zt-v •, j i 

B and F (case 2), musculus peroneus longus, showing (B) a denervated muscle 
with empty Schwann tubes and end plates, and (F) nerve trunks containing a few 
thin, apparently regenerated nerve fibers 
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no indication that the nuclei invade the muscle fibers, but halos or 
lacunas undoubtedly appear around them Here the cross striated fibrils 
are destio)ed, possibly by a lytic agent from the p}knotic and frag- 
menting nuclei This is a very late stage, which ultimately leads to 
fragmentation of the muscle fibers At an earlier stage small vacuoles 
appeal between masses of the nuclei, and it is possible that they are 
a product of hyaline degeneration 

It IS interesting to note that even vith advanced changes cross 
striation of the thinnest muscle fibers may be intact, but it cannot be 
detected m fiagments which are filled with irregularly distributed 
gianules and disintegrating nuclei In such fibers the constitution of 
the cytoplasm apparently undeigoes far reaching, and prohabh irre- 
versible, changes, which lead to loss of contact of the ner\ e w ith muscle 
fibers 

Few authois seem to have studied the iier\e fibcts m dystrophic 
muscles Pappenheimer - found no changes in the mtramusculai ncr\ c 
fibers This is true in the early stages, but in latei stages the progres- 
sive changes in the muscle fibeis lead apparentl)' to a disturbance at 
the point of contact Although the a\ons grow out m an attempt to 
form nev contacts, in view of the advanced changes m the muscle 
fibers, this attempt may not always be successful 

The finding of action potentials characteristic of fibi illation is signifi- 
cant (fig 4) Such an obseivation has not been rccoided previousl} 
in cases of muscular d 3 Stiophy Howevei, the histologic changes 
offer a possible explanation The pathologic alterations do not occur 
simultaneously m the diffeient muscle fibers, and thciefoie detection 
of the action potentials of characteristic fibrillation ma} be difficult 

Polyphasic motor unit action potentials aie occasional!} obser\ed 
in normal muscles, but they occur most fiequently dunng reinnerva- 
tion (Weddell, Feinstein and Pattle and Bowden '^) Then presence 
may repiesent the successful reinnervation of some muscle fibeis The 
action potentials in the tibialis anterior (fig 4) veie of low amplitude, 
and It is noteworthy that they were ot bizarre shape and that, although 
they weie polyphasic they w'^ere not exactly similai to those found dur- 
ing leinnervation These action potentials may represent the electiical 
activity of grossly abnormal muscle fibers Another possibiht} is that 
this activity oiiginates in fibers which are abnormally scattered in space, 
and a third is that, owing to the disease process, the fibeis of the single 
motor unit are not acting synchronous!} Histologic obseivations lend 

13 Weddell, G , Feinstein, B , and Pattle, R E Lancet 1 236, 1943 , Brain 
67 221, 1944 

14 Bowden, R E M Unpublished material 
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support to the first suggestion but do not exclude the otheis Further 
obsei rations on this point aie necessaiy 

We ma}^ conclude that piogiessive muscular dystroph}' is a primaiy 
myopathy, as suggested by Dm ante, Fnedieich and Lichtheim Some 
authois have desciibed changes in the spinal coid, and this obsei ration 
nould point to a cential oiigin But these lesions weie on the whole 
not considered commensurate with the intensity and the extent of the 
changes in the muscles (Hassm ^ Moieovei, most of the authors have 
found no pathologic change in the neive cells (von Meyenbuig^®) 

2 Histologic Dilleientiation of Pnmai} and Secondai} Myopathies 
That theie are changes hpical oi d3'stiophic muscles has been stated. 
b\ some authois The obsei rations lepoited in this papei weie made 
m only 1 case of muscular d3’^strophy, however, the featuies were so 
sti living that a distinction betw’^een the tw^o t3'pes of disease could be 
made easil}* Stud3 of moie mateiial is, of couise, necessai3' Kure 
and associates^® claimed to have pioduced d3fstiophic changes experi- 
mentalh' m muscle after severance of the S3Mnpathetic neive trunk 
The essential changes Avhich the3' thought characteristic of progiessne 
muscular d3’'stroph3 were as follow's great diffeiences in size of muscle 
fibeis, appearance of some Itypei ti opined fibeis, inciease of inteistitial 
tissue, appearance of rounded muscle fibers and formation of vacuoles 
111 the muscle fibers None of these changes can be considered specific 
(in 1 case these change's w'eie described b3'’ Kure and his associates only 
seven da3s aftei sympathectom3’-), and there is neither any evidence of 
the mechanism which they suggested nor any possibility of distinguish- 
ing progressne musculai d3'’stroph3' b3' these ciiteria 

Slauck^ contrasted the arrangement of the muscle fibeis in the two' 
conditions, the fibers are irregularly distributed without grouping into 
bundles in cases of dystrophy, while in cases of denervation atrophy 
they are giouped in bundles He also described the destruction of 
the muscle fibers by the “endogenous,” more centrally placed, nuclei 
in cases of dystrophy and contrasted this wuth the destruction of 
the fibers by subsarcolemmal nuclei m cases of denervation atrophy 
(Slauck'*) How'ever, he did not state what stages of denervation 
W'ere observed and compared Comparison of dystrophic muscle with 
muscle in the late stages of denervation atroph3' does not allow such 
a clearcut distinction 

15 von Meyenburg, H Die quergestreifte Musculatur, m Henke, F, and 
Lubarsch, O Handbuch der speziellen pathologischen Anatomie und Histologie, 

Berlin, Julius Springer, 1929, vol 9, pt 1 

16 Kure, K , Hatamo, S , Shinosaki, T , and Nagano, T Ztschr f d ges. 

exper Med 47 89, 1925 
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Homogenization, myofibi illary disiuption, m}ophagia and fatty 
metamorphosis, with the ultimate formation of a connective tissue scar, 
have been considered primary degenerative changes independent of 
the condition of the spinal cord (Hassin"*) However, in the late 
stages of denervation atrophy (twenty years of deneivation or more; 
the changes in the muscle are similar to those observed m the late stages 
of dystrophy Swelling, pyknosis and dissolution of the nuclei , forma- 
tion of rows, and spherical agglomerations are all noted, m addition 
to longitudinal splitting, myofibnllary disiuption and fragmentation 
of the muscle fibers Hyaline and vacuolar degeneiation of the muscle 
fibers and extreme increase of fat and connective tissue can be found 
with both disordeis In fact, the picture m the advanced stages of 
denervation atrophy is essentiall}' the same as that of the muscle fibers 
in case 1 In denervated muscle the changes leading to fragmentation 
of the muscle fibers, associated with nuclear dissolution, are seen onh 
in the very latest stages, while they apparently develop much more 
rapidly m dystrophic muscles In both the process within the muscle 
fiber ultimately leads to cell death 

Thus, we may conclude from the material at our disposal that no 
clear differentiation between primary and secondaiy m30pathies is 
possible when the state of the muscle fibers is considered alone How- 
ever, a distinction can be made when the innen'ation is observed In 
cases of muscular d3^strophy the changes m the.muscle fibers are found 
while innervation is still intact or a pattern of terminal abortive regen- 
eration IS present In cases of atiophy of neural origin denervation is 
indicated by the empt3’- nerve trunks This fact is demonstrated by 
the following case 

Case 2 — Htstoiy — boy aged IS years bad gradual onset of pain m tlie 
ankles, weakness and clawing of the toes at the age of ISjd years 

Past and Family Histones — ^The histones revealed nothing of significance 

Examinations (Oct 9, 1942) — ^The patient appeared pale and unhealthy, he 
was of the asthenic type There vas a high stepping gait There were mild 
kyphoscoliosis of the lower dorsal region and extreme talipes cavovarus of both 
feet, with clawing of all toes 

Cranial Nerves There were slight paresis of the right external rectus muscle 
and an apathetic facial expression Otherwise, nothing abnormal was detected 

Spinal Nerves There was no localized thickening of the nerve trunks The 
intrinsic muscles of the hands showed slight wasting The abdominal reflexes 
were present and brisk In the lower limbs, there were weakness and wasting of 
the right and left quadriceps muscles (which acted only against gravity) and slight 
weakness of the hamstrings and the medial popliteal group of muscles Of the lateral 
popliteal muscles, there was feeble action of the extensor digitorum longus on both 
sides The right tibialis anterior was barely active, the other muscles were 
paralyzed Knee and ankle jerks were absent The plantar responses were of 
flexor type 
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Electiical Reactions Reaction of degeneration was present in the paralyzed 
muscles, with feeble faradic responses in the paretic muscles 
Scnsor 3 ' Tests No changes in sensation weie noted 

Laboratory Studies The Wassermann reaction of the blood was negative 
Spinal puncture re\ ealed an initial pressure of 100 mm , with no block The fluid 




Fig 9 (case 2) — Electromj ographic tracing (same calibration as that in 
figure 4) from the first dorsal interosseus muscle of the right hand during 
maximum voluntarj' effort Three normal motor unit action potentials (upward 
pointing arrows) and action potentials characteristic of fibrillation (downward 
pointing arrows) are shown 



Fig 10 (case 2) — Atrophy of the intrinsic muscles of the right hand, with 
clawing of the digitis 

was clear and did not clot The protein measured 200 mg and the chlorides 
700 mg, per hundred cubic centimeters The cell count revealed 2 lymphocytes 
and 1 red cell, per cubic millimeter 
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Sweating lest (Dr Ludwig Giittniann) Tlierc was SMumctnc liypcrindrosi>; 
below' tile knees 

Roentgenograph 1 C Stiidj \ roentgenogram of the spine rc\ealed no c\idtnct 
of spina bifida and no osteochondritis 

Bio{)s-\ of Fibitlai Cammumcatmq Nerve (sensors) (W Holmes) — “The 
specimen showed no notcwortln abnormalities There was no degeneration of the 
axons or of the imeliii or Inperplasia of the sheaths and no inflammatorj reaction 
There was no csidence of neuritis, and the central neurons must In\e been 
undamaged, as the axons were intnet ” 

Elcctt om\'ogtaphtc Stud\ — The first dorsal mterosstiis muscle of the hand 
showed both motor unit action potentials and potentials eliaracteristic of fibrillation 
(fig 9) 



Tig 11 (case 2) — Dorsal kj'phoscoliosis, genu ^algum and claw'ing of the feet 
with larus deformity of the heels Note the conspicuous wasting of the muscles 
of the right hand and the distal part of the low er limbs 

Ptogicss — There were increasing ataxia and W'cakness, necessitating bilateral 
arthrodesis of the tarsus (May 19, 1943), and progressive atrophy and w'eakness 
of the intimsic muscles of the hand (figs 10 and 11, taken on Oct 3, 1944) 

Diagnosis — The diagnosis was peroneal muscular atrophy 

Histologic Obscivations — Examination of the peroneus longus show'ed little 
atrophic change in the muscle fibers but some increase in connective tissue and 
fat There were no nuclear changes resembling those found in case 1, but denerva- 
tion of some muscle fibers was indicated by an increase m the number of nucleoli 
In the subsarcolemmal nuclei, tw'o to four nucleoli were found, as compared w’lth 
the one or two nuclei seen m normal muscle 



B O f VDEN-G UTMA NN-—M USCULAR DYSTROPHY 


19 


The dcgiee of innervation varied in diffeient nerve trunks A few trunks 
contained thick, apparently normal fibers Many empty nerve trunks and empty 
end plates w ere found (fig S E) However, occasionally a nerve trunk contained 
a few rather thin nerve fibeis, indicating early reinnervation of a denervated 
trunk (fig 8T) 

Almost complete dencr\ation had taken place, but the small degree of atrophy 
indicated that the tune of denervation had been shoit 

The histologic changes show a lesion of the lowei motoi neuron, but of course 
do not indicate where this lesion is situated, for the picture in the muscle will be 
identical whether the coid or the peiipheral nerve is affected However, the level 
of the lesion can usually be decided by clinical examination In this case the normal 
sensation and the normal appearance of the sensoiy nerve pointed to predominant 
in\oI\ement of the motor nei\e cells It is interesting that there were a few normal 
iicr\c trunks and that there W'ere a few containing icgenerating fibers Some 
anterior horn cells must have been spared, wdiile in othcis the changes may have 
been reiersible to some extent, thus dnabhng the cells to send out new axons 

SUMMARY 

A case of pidgiessive niusculai dystiophy is desciibed 
The eaily changes consist in a reaction of the nuclei and the gianular 
constituents of the sarcoplasm In later stages theie is complete dedif- 
ferentiation of the stiiated material, leading to f i agmentation of the 
muscle fibeis, accompanied by a bieakdown of the chromatin of the 
nuclei 

The late changes in dysti opine muscle fibeis are identical with those 
observed in the final stages of deneivation atrophy 

In the case of progressive muscular dystrophy the neive fibers in 
the nerve trunks remained intact , but degeneration of the muscle fibers 
apparentl} led to loss of contact at the myoneural junction, and this 
w'as followed by abortive legeneration of the teiminal nerve fibers 
Thus, the appearance of advanced atrophy in the muscle fibers, 
intact large intramusculai neive trunks and abortive terminal regenera- 
tion of the nerve fibers were characteristic features of muscles in a 
case of progressive musculai dystiophy 

In cases of the so-called secondary myopathies, such as peroneal 
musculai atrophy, the nerve trunks are empty or contain both normal 
fibers and empty Schwann tubes They may, however, occasionally 
contain regenerated neive fibers This may indicate that some of the 
anterior horn cells have not undergone irreversible changes but are 
capable of sending out new axons 

' Biopsy of muscle with study of the pattern of innervation may afford 
valuable aid to diagnosis in unusual cases of musculai atrophy and 
weakness 

Prof H J Seddon gave us permission to publish these cases 
Wingfield-Morris Orthopaedic Hospital 
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C linical reports^ of the efficac)' of glutamic acid in the s)mpto- 
matic therapy of patients with petit mal and psychomoloi epilepsy 
prompted the following m^ estigation of the effects of this amino acid on 
electrically and chemically produced coiiMilsions in laboratory animals, 
in order to deteimine whether glutamic acid could be shown experi- 
mentally to be an anticonvulsant agent and to compare its efficac} and 
mechanism of action with other anticonvulsant drugs 

METHODS AND PROCEDURES 
Mice, rats, cats, rabbits and monkej's were used in mctrazol - experiments 
Rats, cats, rabbits and monkeys were employed for a \ancty of electric shock 
experiments The effect of glutamic acid was also iniestignted m rats m w'hicli 
the electric shock threshold had been prcriously lowered by hydration (produced 
by orally administered water or by experimental selective loss of extracellular 
electrolyte) Electric shock seizures were induced by an Offner 60 cycle alter- 
nating current apparatus Spiegel corneal electrodes w'crc employed For direct 
cortical stimulation (rabbits) single condenser discharges were dclnercd through 
epidural electrodes Elertroencephalograms were recorded with a Rahm enccphalo- 
graph, standard scalp electrodes w'cre used w'llh monkeys and epidural leads 
with rabbits 
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1 (a) Price, J C , Waelsch, H, and Putnam, T J i/AGlutamic Aad 
Hydrochloride in Treatment of Petit Mal and Psychomotor Seizures, JAMA 
122 1153-1156 (Aug 21) 1943 (b) Waelsch, H, and Price, J C Biochemical 

Aspects of Glutamic Acid Therapy for Epilepsy, Arch Neurol & Psychiat 51 
393-396 (April) 1944 

2 Supplied by the Bilhuber-Knoll Corporation 

20 



GOODMAN ET AL —EXPERIMENTAL SEIZURES 


21 


Tlie natural / (-f ) isomer ^ of glutamic acid, rather than the racemic form, 
was employed in these experiments, inasmuch as Waelsch and Price ib suggested 
that the therapeutic effects could he ascribed to the former compound It was 
given orallj either in an acacia suspension or as a solution of the sodium salt 
The latter was also employed for parenteral administration The sodium salt 
was prepared by neutralization w'lth sodium hydroxide to pn 70 Doses employed 
ranged from 0 25 to 6 0 Gin per kilogram of body \veight calculated as the 
ammo acid and were designed to coier and exceed, on a body weight basis, 
the range of doses reported to be effective clinically When subcutaneous and 
intrapentoneal injections were made, the solution of sodium glutamate was injected 
in a concentration of 3 per cent (isomolar wnth body fluids) or 10 per cent 
Because of the large ^olume of solution emploj'cd at the higher dose levels, control 
animals were given injections of a comparable volume of a solution of sodium 
chloride isomolar with the solution of sodium glutamate In each type of experi- 
ment, in addition to controls, comparison was made of glutamic acid and one or 
more clinical or experimental anticon\ ulsants, such as phenobarbital, diphenyl- 
hydantoin, benzimidazole, Tridione (3,5,5-trimethyloxazohdine-2,4-dione) ^ and 
diinethyl-N-methyl barbituric acid 

RESULTS 

METRAZOL-INDUCED CONVULSIONS 

Mice and Rats — Twenty albino mice were given the solution of 
sodium glutamate by mouth m doses of 0 5 or 1 Gm of the ammo acid 
per kilogiam of body weight After from to two to five hours, a stand- 
ard convulsant dose of metiazol (CD 05 +), 85 mg pei kilogiam of body 
weight, was injected subcutaneousi} ° Ten control mice were given the 
solution of sodium chloride by mouth in comparable volume and simi- 
larly recen ed injections of metrazol Single doses of glutamic acid had no 
discernible effect on the meti azol-mduced convulsions Indexes employed 
for compaiison in these, and in subsequent, experiments included time 
of onset, chaiactei and seventy of the convulsion and period required 
for recovery Tridione and dimethyl-N-methyl baibitunc acid, in doses 
not significantly depressant, are completely protective against twice 
the convmlsant dose of metrazol ° The efficacy of phenobarbital and 


3 The f(-f) glutamic acid and diphenylhydantom sodium were supplied by 
Dr Oliver Kamm, of Parke, Davis & Companj’-, Detroit 

4 These substances were supplied by Dr R K Richards, of the Abbott 
Laboratories, North Chicago, 111 

5 Goodman, L S , and Lih, B Effect of Dilantin on Metrazol Convulsions, 
J Pharmacol & Exper Therap 72 18, 1941 Lih, B The Protective Action of 
Dilantin Against Metrazol Convulsions, Thesis, Yale University School of Medi- 


cine, New Haven, Conn , 1941 

6 (a) Goodman, L S , and Manuel, C The Anticonvulsant Properties of 
Dimethyl-N-Methyl Barbituric Acid and 3,5,S-Tnmethyloxazolidine-2,4-Dione 
(Tridione), Federation Proc 4 119-120, 1945 (b) Goodman, L S, and Toman, 

J E P Experimental Indices for Comparing the Efficacy of Compounds with 
Anticonvulsant and Antiepileptic Properties, ibid 4 120, 1945 (c) Everett, G k , 


(Footnote continued on next page) 



22 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


other barbiturates is well known Single large doses of dipheii} Ibydantoin 
are not anticonvulsant in this category of experiments ^ 

Inasmuch as certain anticonvulsant agents may not he effective 
clinically until medication has been carried out for several days, chronic 
experiments were conducted Twenty albino mice and 10 albino rats were 
given sodium glutamate solution by mouth twice daily for five days, 
the single dose being 0 5 or 1 Gm per kilogram of Ixidy weight The 
standard convulsant dose of metrazol was then injected fiom two to 
five houis aftei the last dose of glutamic acid For rats, this dose is 
70 mg pel kilogram of body weight (CD ° Control groups of 10 
mice and 10 rats were intubated with comparable volumes of sodium 
chloride solution for five days and similarly tested with metrazol 
Chronic tieatment with glutamic acid did not modify the response to 
inetiazol Chronic theiapy with diphenylhydantoin significantly reduced 
the incidence, severity and lethality of metiazol-induced convulsions in 
mice and rats tested as described here ' 

Rabbits — Three rabbits were prepared wuth epiduial electrodes foi 
electroencephalogi aphic recording from both motor and occipital aieas 
Sodium glutamate solution was injected intiapentoneally and sub- 
cutaneously in doses of 0 5, 1 and 2 Gm per kilogram of body weight, 
respectively, given twnce daily fdr tw'o days From three to fi\e hours 
after the first and the last injection electroencephalographic records weie 
taken Metiazol was then administered subcutaneoush , 40 mg per 
kilogram, and electroencephalographic lecordings w'ere made periodical!} 
After injection of glutamic acid and before the injection of metrazol, the 
electi oencephalographic record revealed no significant change from 
mormal 

The electroencephalographic and motoi responses to metrazol were 
in no way modified by glutamic acid, as revealed by control injections 
of metrazol in the same 3 rabbits and by comparison with numerous 
othei contiols In contrast, phenobai bital, Tndione, dimethyl-N-methyl 
baibituric acid and benzimidazole, but not dipheii} Ibydantoin, afford 
complete protection against the electi oencephalographic and motor effects 
of convulsant doses of metrazol in rabbits ' Prioi to the metrazol seizuie, 
electroencephalogi aphic responses occur m rabbits which simulate inter- 
seizure petit mal records m human subjects Despite the leported clinical 
efficacy of glutamic acid for petit mal and psychomotor seizures, no 

and Richards, R K Comparative Anticonvulsive Action of 3,5,5-Tnmethyl- 
oxazolidine-2,4-Dione (Tndione), Dilantin and Phenobarbital, J Pharmacol & 
Exper Therap 81 402-407, 1944, (d) Comparative Anticonvulsant and Hypnotic 
Action of Some Barbituric Acid Derivatives, Federation Proc 4 20, 1945 

7 Goodman, L S The Pharmacodynamic Actions of Benzimidazole A 
Preliminary Report, Bull New England M Center 5 97-100, 1943 Goodman and 
Manuel Goodman and Toman 
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ni/luciice of {.he aniiiio acid ^\as detectable oii the metiazol-iiiduced petit 
mal Upe of d)sih}thm!<i 

Cats — Foil! cals weie ^uen glutamic acid intiapciitoneally (025, 
0 5, 1 and 4 Gm pei kilogiam of body weight, lespectivel} ) and one 
to thice houis latei inticnenous injections ot 10 mg ot metrazol 
(CD,,o^) pci kilogiam of bod}* weight Glutamic acid neither pro- 
tected against noi modified the metiazol seizuie In contrast, pheno- 
baibital. Iiidionc. dimetln J-X'-meth) I baibituiic acid and benzimidazole 
but not dijihenylh} dantoin) complelch pi event mctiazol convulsions 

]\Ionhcys — In 3 monkeys (klacaca mulatta) contiol electroenceplialo- 
gianis and sei/uic responses to mctiazol (50 to 90 mg per kilogram) 
admmisteied subcutaneousi} wcie established One week later a solution 
of sodium glutamate (0 5 1 and 2 Gm , respectively pei kilogram of 
bod}' weight) w'as injected subcutaneousi}^ and inti aperitoneall} Metra- 
zol w'as then gnen two to four houis after the glutamic acid and 
failed to alter the precon vulsive (“petit mal”) electroencephalogiam, 
the seizin e electioencephalogiam or the convulsion itself In contrast, 
phenobai bital, Tridione, dimethyl-N-methyl barbituric acid and benzi- 
midazole afford complete piotection against convulsant doses of metrazol, 
diphenylhydantoin, howeiei, is not piotective’ 

ELECTRIC SHOCK CXPERIMENTS 

Nafs — Contiol thresholds aveiaged 28 milliampeies and varied from 
24 to 36 milhamperes (0 2 second) iii 10 rats Sodium glutamate solu- 
tion was injected subcutaneously m 3 groups of 2 rats each at dose 
levels of 0 25, 0 5 and 1 Gm , i espectively, per kilogram of body weight 
Twm to five hours later the electric shock thresholds were found to be 
unaltered in all 10 lats The 6 experimental rats were then given 
sodium glutamate for four days, the aforementioned single doses being 
repeated twice a day The control rats were similarly treated with 
solution of sodium chloride The electric shock thresholds were again 
determined within one to three hours after the last dose and were 
found unchanged The character, severity and duration of the seizures 
w'^ere not modified Phenobarbital Tridione and benzimidazole are 
capable of elevating the electric shock seizure threshold, but diphenyl- 
hydantoin IS capricious and inconstant in this respect, such elevations as 
have been observed being insignificant in degree ® Tridione was given 
in large doses (400 mg per kilogram, intraperitoneally) and sodium 
diphenylhydantoin both m single doses (50 to 100 mg per kilogram, 

7a Everett and Richards Goodman and associates ^ 

8 (a) Footnote 7 (l^) Merritt, H H , and Putnam, T J A New Series 

of Anticonvulsant Drugs Tested by Experiments on Animals, Arch Neurol S. 
Psychiat 39 1003-1015 (May) 1938 
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intrapentoneally) and in repeated smallei doses (25 to 50 mg pei kilo- 
gram, mti apei itoneall} t\\ice daily for one week) 

Two groups of 2 rats each weie also tested with supramaximal 
currents (150 milhamperes, 0 2 second) one, two and five houis after 
receiving 3 and 6 Gm , respectn ely, of sodium glutamate per kilogram 
of body V eight (dnuded equally between the oral subcutaneous and 
intiapentoneal loutes) The resulting maximal seizuies were unaltered 
in seveiit}, chaiacter and duration b} the ammo acid treatment Othei 
anticonvulsants abolish the tonic phase of the maximal convulsion ° 

Cais — typical seveie tomc-clonic seizuie is produced in cats by 
supiamaximal stimulation (300 milhamperes, 0 2 second) Single doses 
of glutamic acid given by mouth (0 5 to 1 Gm per kilogram) or 
parenterally (4 Gm per kilogram) did not alter the maximal seizures in 
5 cats Each cat had previously been tested with parenteral injections 
of phenobarbital (15 mg per kilogram), diphenjlhjdantoin (10 to 40 mg 
per kilogram), Tndione (400 mg per kilogram) and dimethyl-N-methyl 
barbituric acid (100 to 125 mg per kilogram) , m every instance, the 
tonic phase of the seizure was completel) obliterated Furthermore, 
benzimidazole (350 mg per kilogram) completely abolished the con- 
vulsion These experiments and then significance will be leported in 
detail elsewhere ° 

Rabbits — Direct Cortical Stimulation Epidural electrodes w’ere 
implanted over symmetric areas of both hemispheres in 3 rabbits, to 
permit stimulation of the motor cortex on one side with single con- 
denser shocks while the electrical activity of the opposite side is recorded 
Thresholds were determined for primary and secondary electroencephalo- 
graphic discharges and for contralateral facial movements Sodium 
glutamate in single doses of 1 5 Gm per kilogram given intrapentoneally 
failed to alter these three thresholds significantly wdien tested at intervals 
up to three hours after injection and failed also to alter the typical wave 
form of the secondary discharge In contrast, sodium phenobarbital (20 
mg per kilogram, intravenously) increased all three thresholds and 
altered the wave form of the secondary discharge In minimally depres- 
sant doses, benzimidazole (100 mg per kilogram, given intravenously) 
was more effective, and Tndione (400 mg per kilogram, given intra- 
pentoneally) less ^effective, than phenobarbital in raising thresholds 
Diphenylhydantom (60 mg per kilogram, given intrapentoneally) w^as 
ineffective 

9 Toman, J E P , Swinyard, E A , and Goodman, L S Characteristics 
of ^laximal Electroshock Convulsions Their Modification by Drugs and Other 
Experimental Procedures, J Neurophj'siol , to be published 

10 Toman J E P Cortical Responses to Cortical Stimulation in Relation 
to the Spontaneous EEG of the Rabbit, Federation Proc 4 72, 1945 
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Monkeys— -A single oial dose of 0 5 to 1 Gni pei kilogiam of 
sodium glnlainatc tailed to altei the electiic shock thieshold in 4 
monkc} s (I^Iacaca mulatla) oi the duiatioii oi seventy of the seizuies 
The control Ihiesholds laiiged fiom 34 to 52 milliampeies (5 seconds' 
stimulation) In all 4 monke3s the mdiMdual electiic shock threshold 
lemaincd constant within a ^arlatlon of 10 pei cent ovei a peuod of six 
months liidionc and dijihcnvlln dantoin m single laige oi in repeated 
small doses and dimeth}l-]\' -methyl baibituiic acid gave inconstant and 
capricious delations in seizuie thresholds (10 to 30 per cent) In 
contrast phcnobai iiital and bcnzimida/ole consistently elevated the 
electiic shock com iilsiie thieshold 

Hydiaied Rate — Rats hydialed b} the oial administi ation of 4 
doses of watci at one-half hoiii intervals (5 cc pei bundled gi ains of 
bod} weight per dose) manifested a leduction in electiic shock threshold 
of 36 to 76 pci cent (aieiage 56 per cent, 51 lats) Thiee pairs of 
rats, whose i espouse to hydi ation w'as knowm, received orally 0 5, 1 
and 2 Gm pei kilogram, icspectivel} , of glutamic acid m acacia 
suspension The electric shock threshold was retested tliiry minutes 
after the last dose of w^atei The amino acid failed to protect against 
the low'ering of thieshold produced by hydi ation In sharp contrast, 
phenobarbital, diphenylhydantoiii, Tiidione, dimethyl-N-methyl barbi- 
turic acid and benzimidazole all elevated considerably the electric shock 
threshold lowered by this t>pe of hydration 

A second type of hydration of brain tissue was accomplished by 
the technic of Danow' and Yannet,^^ which involves the intraperitoneal 
injection of isomolai solution of dextrose (5 5 per cent, 10 cc per 
hundred grams of body iveight) and its subsequent removal (250 to 
280 minutes) aftei it has equilibrated with the exti acellular fluid The 
volume of fluid removed approximated that administered, so that total 
body water was not altered By this means, nearly 40 per cent of 
extracellular electrolyte was lost to the body Osmotic equilibration 
occurs through a shift of extracellular water into the cellular compart- 
ment With employment of accepted values for distribution of body 
water and electrolyte, it can readily be calculated that tell volume may 
increase by 14 per cent The ‘'hydration threshold” (the electric shock 
threshold at the time of maximal cellular hydration) was reduced an 
average of 56 per cent (50 to 64 per cent, 24 rats) When glutamic 
acid in acacia suspension was administered to 4 lats in a dose of 05 
or 1 Gm by mouth and the procedure repeated as previously outlined, 
no significant change occuried in the hydration threshold Quite dif- 

11 Darrow, D C , and Yannet, H Changes in Distribution of Body Water 
Accompanying Increase and Decrease in Extracellular Electrolyte, J Clin Investi- 
gation 14 266-275, 1935 
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ferent lesults weie obtained when diphenylhydantom, phenobaibital and 
Tiidione w'ere adnnmsteied paienlcrally at a time winch would allow' 
their peak effects to become manifest coincident with the maximal 
1 eduction in electiic shock threshold produced by hydiation The marked 
increase in hydration thieshold caused by these three anticonvulsant 
agents and the inefficac} of glutamic acid are show n in the accompanying 
table 

It IS appal ent fiom the lesults obtained wnth glutamic acid in rats 
with biain cells hydrated by orall)' administered w'atei or by experi- 
mental selectne loss of extracellular electiolyte that the ammo acid 
not only is incapable of elevating the electric shock threshold of normal 


Inefficacy of Gliitannc Acid in Lozvomg "Ilydratton Thi cAwld" in Rats and 
Incicasc in Thieshold Pioduccd by Three Anticonzidsant Drugs 


Volume Time Concen H>drn 

5 3% Be triitlon lion 

Dextrose tweeri ^ ol of liiiount Thrcsli Threshold 


In Injection unic Cation Cation >ormnl old Do After CliauBC 

jeeted and of In Re Flectrie After crease Amino from 

Intra Para Fluid Pluld moted Shock Para from Acid lljdrn 


Rat 

No 

Rat 
W't , 
Gm 

perito 
ncnllj , 
Cc 

cen 

tosis, 

Min 

Rc Re 

moicd, moved 
Ct niLq /D 

per 100 
Gm , 
inEq 

Thresh 

old, 

Ma 

cen 

tosis, 

Mo 

Normal 
Thresh 
old, % 

or 

Drug, 
.Mn • 

tion 
Thresh 
old, % 

1 

300 

30 

255 

20 

120 

1 22 

30 

14 

53 

G 12 

— 14 

■) 

284 

28 

200 

27 

120 

1 20 

30 

14 

01 

G 10 

-i- 14 

S 

332 

3, 

205 

31 

120 

1 18 

30 

14 

01 

G 12 

— 14 

4 

292 

29 

270 

27 

120 

1 17 

30 

14 

53 

G 10 

T 14 

3 

310 

32 

250 

32 

120 

1 23 

30 

12 

oO 

D 18 

+ 50 

a 

292 

29 

255 

31 

129 

1 37 

30 

14 

53 

D20 

J- 43 

7 

28S 

29 

2o3 

28 

lo5 

1 31 

20 

10 

02 

'1 20 

+100 

8 

272 

27 

200 

24 

135 

lo4 

32 

12 

02 

T 21 

J-100 

fl 

340 

34 

280 

33 

135 

131 

24 

10 

58 

P IS 

+ 80 

10 

290 

29 

270 

30 

120 

130 

28 

12 

57 

P2S 

+133 


* G indicates glutamic acid giscn orallj in 10 per cent acacia suspension Por rats 1 and 2 
the dose was 0 5 Gm per kilogram of bodj weight, for rats 3 and 4, 1 Gm per kilogram 
D indicates diphenylhjdantoin sodium, Bi\en Intraperltoneally In a dose of 50 mg per kilogram, 
T, Tridione, given mtrapentoneallj in a dose of 400 mg per kilogram, and P, phenobarbital 
sodium, given intraperltoneally in a dose of 45 mg per kilogram 


rats but is unable to piotect against the lowering of threshold produced 
by hydration 

« 

Toxicity — Unna and Howe^“ repoited salivation, vomiting and 
bradycardia after intravenous injection of laige doses of glutamic acid 
in unanesthetized dogs Madden and otheis^® attributed to glutamic 
acid the toxic effects of ammo acid mixtuies and protein digests given 

12 Unna, K, and Howe, E E Toxic Effects of Glutamic and Aspartic 
Acid, Federation Proc 4 138, 1945 

13 Madden, S C , Woods, R R , Shull, F W , Remington, J H , and 
Whipple, G H Tolerance to Amino Acid Mixtures and Casein Digests Given 
Intravenously Glutamic Acid Responsible for Reactions, J Exper Med 81 
439^448, 1945 
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intravenously To avoid these toxic effects, other loutes of admin- 
istration Aveie used m our studies 

In rabbits, glutamic acid given mtraperitoneally m doses of 1 5 Gm 
per kilogram of body weight caused salivation, hypei pyrexia and impair- 
ment of placing leactions Unexplained death occurred within several 
hours in 1 of 3 rabbits leceiving 1 5 Gm pei kilogram and m both of 
2 rabbits given 2 Gm pei kilogram of body iveight Even, at this 
lethal leAel theie was no eAndence of anticonvulsant action of glutamic 
acid 

Cats were found to tolerate 4 Gm per kilogiam of body weight 
given mtraperitoneally without toxic signs, but also without evidence 
of protection against metrazol oi alteration m maximal electric shock 
seizures In 1 animal given 8 Gm per kilogram theie developed saliva- 
tion, Itypeipnea and spontaneous tonic-clonic seizuies, which increased 
111 frequency and severity until death occurred, two hours after injection 
Rats tolerated up to 6 Gm per kilogram of body weight without toxic 
signs, but even at this high dose level there was no evidence of anti- 
convulsant activity The largest doses given to monkeys (2 Gm per 
kilogram of body weight) caused no alteration m tempeiature, respira- 
tion or neurologic signs 

COMMENT 

The experiments here reported piovide no indication of the mechan- 
ism of action whereby glutamic acid may exhibit its reputed suppression 
of petit mal and psychomotor seizures ^ Although our laboratory 
indexes mainly concern major seizures, glutamic acid was also found 
ineffective against the petit mal type of electroencephalogram produced 
by subcutaneous injection of metrazol m rabbits and monkeys Other 
drugs known to be more oi less effective clinically m management of 
petit mal give positive protection against this experimental type of petit 
mal dysrhythmia m laboratory animals 

The two technics which appear to us to be most useful as laborator}'" 
devices for testing potentially anticonvulsant drugs are the supramaximal 
electric shock method ® and the cellular hydration method, as employed 
m this study , the latter has been reported on m full elsewhere 
All clinically effective anticonvulsants except glutamic acid give positive 
results with these two technics The cellular hydration method is of 
particular interest ivith legard to the question whether the electric 
shock seizure threshold is below normal m patients with epilepsy 

14 Swinyard, E A , Toman, J E P , and Goodman, L S The Effect of 
Cellular HA'dration on Experimental Electroshock Convulsion, J Neurophysiol 
& 47-54, 1946 

15 Garciadiego, J , Chavez, F N , and Alcade, S O Apphcaciones del 
electro-choque como metodo de investigacion y diagnostico en los epilepticos. Arch. 


(Footnote continued on neit pane) 
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Diphenylhydantoin, phenobarbital and Tiidione are very effective in 
laising the threshold loweied by cellular hydration Yet diphenylhydan- 
toin IS unable significantly to elevate the normal electric shock seizure 
threshold , this has been our consistent experience over a period of two 
years, employing rats, rabbits, cats and inonkQys, and differs from the 
results of other investigators If it is ti ue that know n potent anticon- 
vulsants- in nondepressant doses cannot significantly elevate the normal 
electric shock threshold, then othei laboratoiy methods of assay must 
be employed The twm suggested here seem most promising 

Since glutamic acid, even in large doses, showed neithei anticon- 
vulsant nor analeptic action wnth any of the methods employed, we 
are forced to conclude that its mechanism of action differs from that 
of all other clinical anticonvulsant agents Investigations on the role 
of glutamic acid in cerebial metabolism and function provide the basis 
for speculation on the possible natuie of its action in epilepsy, but 
pertinent information is still lacking One might postulate some subtle 
distortion of glutamic acid metabolism in patients suffering from petit 
mal However, as Waelsch and Price pointed out a daily protein 
intake of 70 Gm piovides 7 to 10 Gm of natural glutamic acid, and 
the proteins of the body contain between 10 and 20 per cent of glutamic 
^cid By comparison, the doses of glutamic acid leported effective 
against petit mal (as little as 4 8 Gm per day) seem almost superfluous 

SUMAIARI 

In an attempt to measure in the laboiatoiy the anticonvulsant value 
of glutamic acid, this substance was tested by a number of technics 

de neurol y psiquiat de Mexico 7 117-128, 1944 Kalinowsky, L B , and Kcnned\, 
F Observations in Electric Shock Therapy Applied to Problems of Epilepsy, 
J Nerv & Ment Dis 98 56-67, 1943 Penfield, W , and Erickson, T C 
Epilepsy and Cerebral Localization, Springfield, 111 , Charles C Thomas, Pub- 
lisher, 1941 

16 Merritt and Putnam sb Knoefel, P K , and Lehrmann, G The Anticon- 
vulsant Action of Diphenyl Hjdantoin and Some Related Compounds, J Pharmacol 
& Exper Therap 76 194-201, 1942 Tamter, M L , Taiiiter, E G I^wrence, 
W S , Neuru, E N , Lackey, R W , Luduena, F P , Kirtland, H B , Jr , and 
Gonzalez, R I Influence of Various Drugs on the Threshold for Electrical 
Convulsions, J Pharmacol & Exper Therap 79 42-54, 1943 Everett and Rich- 
ards 

17 Krebs, H A The S^ nthesis of Glutamine from Glutamic Acid and Am- 
monia, and the Enzymic Hydrolysis of Glutamine in Animal Tissues, Biochem J 
29 1951-1969, 1935 Nachmansohn, D , John, H M, and Waelsch, H Effect 
of Glutamic Acid on the Formation of Acetylcholine, J Biol Chem 150 485-486, 
1943 Weil-Malherbe, H Studies on Brain Metabolism I The Metabolism of 
Glutamic Acid in Brain, Biochem J 30 665-676, 1936 Zimmerman, F T, and 
Ross, S Effect of Glutamic Acid and Other Ammo Acids on Maze Learning 
in the White Rat, Arch Neurol & Psychiat 51 446-451 (Mav) 1944 
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for investigating the potency of anticonvulsant agents In a wide range 
of single large and repeated small doses, and in a variety of species, 
the ammo acid was found ineffective m the prevention or modification 
of electiically or chemically induced convulsions Glutamic acid failed 
to elevate the normal seizure threshold, did not modify the character 
of the convulsion produced by supramaximal curients and had no effect 
on the electric shock thieshold lowered by cellular hydration Glutamic 
acid was also without effect on metrazol-mduced electroencephalographic 
dysrhythmias of the petit mal type In addition, it did not alter the 
resting electroencephalogram or the electroencephalographic response 
to single cortical shocks 

Inasmuch as diphenylhydantoin, phenobarbital, Tridione, dimethyl- 
N-methyl baibituric acid and benzimidazole give laboratory evidence 
of anticonvulsant potenc}- with one or more of the technics employed, 
it is suggested that if further clinical work substantiates the efficacy of 
glutamic acid in treatment of petit mal and psychomotor epilepsy the 
mechanism of its action is likely to prove considerably different from 
that of the known anticonvulsant drugs in clinical use Indeed, one 
would not be able to predict from present laboratory scieening methods 
that glutamic acid has anticonvulsant potency oi value 

University of Utah School of Medicine 



SENSATION OF ELECTRIC SHOCK FOLLOWING 
HEAD INJURY 


MAJOR NORMAN REIDER 
MEDICAL CORPS, ARMY OF THE UNITED STATES 

R ecent observation of many cases of the sensation of electiic shock 
on flexion of the neck as a result of wai injuries has reawakened 
interest in this phenomenon, which was fiist noted and described 
duiing World Wai I Heretofore it has been icgaided as an interesting 
medical curiosity, chiefl} because of its occurrence as a subjective 
symptom m cases of multiple sclerosis Its appearance with this disease 
was desciibed by Lhermitte, and the phenomenon is frequently referred 
to 111 the literature as “Lhermitte’s sign ” It is the purpose of this 
paper to report these recentl}^ observed cases, together with details 
of the variations of the symptom, for it is believed that this sign ma) 
be indicative of concomitant damage to the cord in cases of head injury 
and that it is of more than academic interest 

In an excellent brief review of the literature, Salmon ^ noted that 
in Babinski’s neurologic service in World War I this phenomenon was 
observed m 12 cases , the data on these cases were abstracted by Ribeton - 
in his thesis published m 1919 Prior to this publication, how'ever. 
Mane and Chatelin,“ in 1917, reported a case of injury to the vertex 
and the occiput in which weakness of the arms w'as present, being 
more pronounced in the morning than m the e\ening, and in which 
flexion of the neck on the chest produced the sensation of an electric 
current running down both arms and legs They noted that passive 
elongation of the brachial plexus gave the same response Digital 
compression of the plexus caused pain in the shoulders and arms but 
did not produce the sensation of electric shock They expressed the 
opinion that the cause of the phenomenon W'as an injury of the cervical 

Capt John A Di Fiore and Capt Glenn S Plaver, of the Medical Corps, 
Army of the United States, assisted in the collection of the material on which 
this paper is based 

1 Salmon, L A Sensation of Electric Shock in Multiple Sclerosis, Bull 
Neurol Inst New York 6 378, 1937 

2 Ribeton, J fitude clmique des douleurs a forme de decharge electrique 
consecutives aux traumatismes de la nuque. Thesis, Pans, no 134, 1919 

3 Mane, P , and Chatelin, C Sur certains symptomes d’ongine vraisem- 
blablement radiculaire chez les blesses du crane. Rev neurol 24 336, 1917 
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roots by contrecoup The next year Babinski and Dubois ‘ reported 
the case of an officer with an injury of the neck who had the sensation 
of electiical discharge on the right side only This officer showed a 
Brown-Sequard syndrome with right hemiparesis Every time he 
flexed his neck he had an electrical discharge the length of his light 
arm and leg The authois also mentioned 3 other cases of injury to 
the neck without signs of any damage to the cord in which the phenom- 
enon occurred bilaterally In commenting on these cases, Lhermitte 
expressed the opinion that the phenomenon was due to “cervical irri- 
tation ” In 1918 Beriel and Devic ® reported a case in which the 
sensation of electric shock was associated with multiple sclerosis In 
1924 Lhermitte, BoIIack and Nicolas ® described the sign as occurring 
early m the course of multiple sclerosis This was followed by a second 
paper by Lhermitte and other collaborators,^ with an excellent clinical 
description of the sensation by the patient herself It was described 
as being like the recurrent ringing of a telephone bell, with electrical 
discharge lasting for three seconds on flexion of the neck and disap- 
pearing for four seconds The discharge in this patient occuried not 
only on flexing her neck but on raising her head from flexion It was 
never present during complete rest For this reason, Lhermitte con- 
cluded that fatigue was a factor m the occurrence of the sign He 
explained the phenomenon on the basis of early demyelination 

Since that time many cases of the phenomenon have been reported 
or discussed as a sign of multiple sclerosis (Roger, Reboul-Lachaux 
and Aymes ® , Tnoumphoff ® , Wechsler , Lhermitte , Patrick , 
Opalski,^® and Read 

4 Babinski, J , and Dubois, R Douleur a forme de decharge electnque, 
consecutives aux traumatismes de la nuque, Presse med 26 64 (Feb 4) 1918 

5 Beriel and Devic, E Sur un cas de douleurs a type de decharge dans la 
sclerose en plaques, Lyon med 141 559, 1918 

6 Lhermitte, J , Bollack, and Nicolas, M Les douleurs a type decharge 
electnque consecutives a la flexion cephalique dans la sclerose en plaques, Rev 
neurol 31 56, 1924 

7 Lhermitte, J , Levy, G, and Nicolas, M Les sensations de decharge 
electnque symptome precoce de la sclerose en plaques, Presse med 35 610, 1927 

8 Roger, H , Reboul-Lachaux, J , and Aymes, G Dysesthesies rachidiennes 
a type de dechar^ge electnque par flexion de la tete dans la sclerose en plaques, 
Rev neurol 1 1052-1055 (Mar 31) 1927 

9 Tnoumphoff, A A propos du symptome de decharge electnque de la 
sclerose en plaques, Presse med 35 948, 1927 

10 Wechsler, IS A Case of Multiple Sclerosis with an Unusual Symptom, 
Arch Neurol & Psychiat 19 364 (Feb ) 1928 

11 Lhermitte, J Multiple Sclerosis The Sensation of an Electrical Dis- 
charge as an Earlv Sj'mptom, Arch Neurol &: Psychiat 22 5 (July) 1929 


(Footnotes continued on next paoe) 



•T3 

’Si 


*o 

t3 




tq 


Co 


tq 


o 

cq 


a 

o 

S 

S 

o 

O 


1 0 

B ^ m 

CJ 3 ^ 


3 ^ 

g° 

5*^ 

M — CJ 

B 


2 w 

£ CJ B — 

>B w 0 ^ 

CO 

v: 

0 

_ 3w 

*3 — - ^3 

CJ 

3 

3 0 

CJ p, ^ CJ 

u 

'3 

M ^43 

r* .3 U 


Gi B 


O c 5 : 
&si: ?i 

c.^ m3 

C3 ^ O 

iC c E « 
r* 

CvH^ C- 
o o c3 S>» 

t-t-M 

« c 3 C 5 

«32 2*0 
c:s*5.z 5 

^ w 


S 

o 

c. 

e 

>* 

ai 


o 

CJ C 

®3 
7 es 

^ OT 

I^CQ 


*5 


§£ 

^ e 
c3 E 

3^ 

o2 


>> 

•M E M 

c>o3 

^ 4J Q 
P<M 
to e” 

CRM 

o >*S 


o3 
fl® 
O “ 
^ >» 

”3 

.Sc 


3 ^ 


o 


M (3 

35 .^ 

o O 

tnB to 

3 fti: 

y to > 

3 

O O R 

w 3 5 

3 M ~ 


° 1 

0 's 

M p»»* 

to “ B 

to fm ^ 

«E& 

ti- = 

a w 

s 0 — 

B£’c 

3 >B 

CJ tJ 

E= 0 " 

eIb 

« w e 
3*MiI 

*3 10 ^ 

^oa 

B gp: 

3 S 43 

B CO CO 

0 »H ^ 

t? 3 ^ B 

B £ 3 2 

B es CJ E 

eI- 

r”, 

43 


CJ 

2 

'P cr 

*5) 

£ B 

£ 

** M 


4«1 « 

*3 

tJ — 

C 

CJ •& 

c •*i 

e 

0 

CO 

0 *“ 

s 

'O 

i g 

l-< 

3 

“E« 

4 ^ 

CO 

•4J» t: 3 

CJ 

,ri 

c5 ^o. 

sQ 

0 

0 0 

0 

B B 

H 

CO L*’ 



G ^ 

£2 
§2 
-3 § 


o O 
P. 

&B 

C3 O 

"itn 

'C ^ E 
R c 

o*= 

30 — 

»ii oJH 

o ®- 3 

wj . 3 0 

O o 

Si'S o 

M-*-**-* ^ 

sss ?« 

<y»a 3 . C »H 

^ CJ 

►-n CQ 


*3 CJ 

S§ 


8 

o_^ 

e 



43 

CO 

Beo 

5 c 

3 0 

c* 

3 «-> 


c* 

43 

3 

= a 

E tn 0 

-■g 

5 to 

2 B 

1— 4-« 

a 

3 S 

»B w 


I-) 

CO 8 e 

S2 = 

B 

Cfj B 

B C 
0 :;: 

(4 

a t> 

CO 

rs 

c 

a 

B 

CJ 

0 

5*0 ° 

S vi § 

cjS 

P E 3 

“ '3 

B B 

C B 

E j" 

*4 CJ 

a c 

Ew 

C to 

B CJ 

0 

CJ 

0 

VJ 

© 

C-J 

B 

B 

B 3*3 

2 ^ 
— c 

Zs 

to 


oB 

U O 


S 

o O 

3 E 

o 
«5 R 


J3 

o O m 

ts-c C 
r<'t^ It 

B t> ^ 

O « f- 

.g°£ 

“ B •' 

•M O 

o:s ^ 

O 3 t£ 


it 3 


3 3 


r»» 

3 M 

o « Jr 
4-J O . 

_y c Uj^ 

oS 3 w 

2 5^3 
S5 


E 


.p s:^: «■« S a 
a c. M >" e £ X. 
OTi B2t3 C 


,3£ 

t> M 

^B 

to o 


w L 
2 ^ 


V tfj B 

gg« 

gSc 

“ 

E=3o2 

a vj 


^ B jj 
a g 3 

I o 

' ^5 uj 

X3 c M 

l2i o 

^ « tr 

C c'g 
£ c~j 

(J '' 

Vj 


to 

t/j*3 


to c 

3=3 
_£*S 
bSbZ; 

^ to O 
'5 CJ 

C M C r* 
a o 5 
j; o 

^ •— ■ te.^ 

B* B G 
2 “ M-C 


ef-< 

B CJ 

S 

*a 3 

‘S<=> 

3 

GO 

/• 
to CJ 

o 

!o o 


a CJ £ 

M ^ U 
3 3 

3 . 5 s — 

2 Ui’d 
3 =3 c S 
ii C c 

“ to 

r:il 

“Owe- c 

3;,0 CC o 



'O M 

ty o 3 S 
3w to to 

g a c a 
- >>M S b ^ 
-•g a P =3 00 

^ ^ C) <,.4 *M 
^ 3 CJ O O 


ai 


o 

B 




^3 _ 

•3 B ^ 
£ P-^ 
oE®^ 

3 CJ rj 

43 'B ■** e 
*S "B 


2S 

o « 

CSio 

S C4 

W t>j 
43 X) 

*S w 

1-3 


J= 

bo 


C ^ 

s- 

CJ .-^ 
3 a 
M M 

w o 

u 3 
3 E 
a « 


n E 8 

D."" 

g'-'O 

O B 

g^-SE 
lu ■g a -w 

43 ^ 43 ^ 
O ^ CJ ^ 
H) 

10 CO 


S“ 

gra 

e 

>» 
43 JS 


a ” 
3 e 


B 2 

3 C 
43 

CO • 

® s 

B.B 
^ to 


o 


3 

C 


3 

C 


3 

O 


tc M 


3 

O 

A 


p 

IT 

C 

tr 


® S t* 

“a «o 
® cf 

'0 


to 

Cj 

to 

BiSg 

3 

3*1 


0 

s 

rs 

B 

3 «ro 
4J B B 
W i«4 C3 

a 

0 

E 

CO 

u*C 

•B CO 
'D 



4^|tS 
to M 

Bo 

«J 3 

tj E 

B 3 

0 

G 

4J 

u »3 
CJ R 
4>» 



3 , 

0 

J 2 M B 

C B 

»-4 

JU 

J5 

PQ 

l-t 

< 


M 

It 


O 

B 


>, 

3 

'3 

© 


bb 


^ >* 
SZ’O 

5?^ 

K 




CJ 43 

B O 
o B 
3 

I'^'O c 

n 'S O „ 

B E a ±! "J-o 

•2 ^ g ^ >> ° >. 

*5 in E ■c 

g(M.S“c 


I »i 


K 


I cy 
1^ 


tfl^ 
— ? B 

3iJi2 
c -•& 

tJ CJ * 

P 3 O. 


o 


^ 

j 2 B ' 
^.Q oU 

3SB< 


32 



sS o o' 
5 c 

O C O c 

^ c 2 

•4^ O P 

«.2 V 5» 

CQ 'C t) & 
OT 5 c; Cl 

g “i ^ 2 
J- P.cr o'3 
to 


C CS 

u< c 

sjsl 

sps 

CJ ^ C 

" 6 «r ® 

c © 

g o So 
-r®'e i 

t-i*j a s 
S iii;= 

K t- 


m~ 

2 rT'S's: 

S <y 

C « O 
c 3 c 
© © © p 


S ” o 

1 e c 

2 § P< 

^•0 S tr 

•gS-a-S 

O CT © pC 
pa o 

f-t .— « CO 

+-» c W 2 
i£ c tfl 

e « S' o 

S 5 m C 

B « G 

^ cr © 

“got 

« “Is 

PJ Ut pC 

© ^ D tX) 
x: 5 GC: 

•*-i C C IT 


^ s-ss 

a R O'O 

fcO ^H “ C 

P S-ti o ~ 

•t;? O c) >-i^ 

SS*^© « 

^ o 
-S G 

© tfi Sh 

'c;k >»- 
S* © l-i O 4 ^ 
g 0 o too. 


’ S 
- & 

; ti 

z 

j x: G 

2 - S 

, £2 © fcC 
Cl 


tr >i 

C tea p a 

o*^ 

0 c g 0 5 

P >) 

■555 w 

43 

G -» 0 G 14 

© C 

to j- J; w 0 

© 0 

« tr ft G’O 
© © 


X? J^ 


I ^ 

© © 

ea H 2 

'SS'g 

D^a 

-oS 

’“c'g 

o^ a ^ 
c 2-*^ 

c 3 ai 2 “ 

g“ 

S'® o 

m 'SS'I 

® 5 R 2 
0 ° o “ 

S tO^ ^1 
G © G 4 _, 

03 U 3 U.P 

a a n G 
© © 

OT OD 


^ ^ G P- ^ 
*;t a ..-I C 
SS S to o**^ 

OS'” 
•«-2 c Sr 
.•5,S£^ 
2t: E f-s 

to <11 .u* 

©**H «»0*2 ' 

U 4 o^ a ° 
C 3 G G* 

ng" Sr 
= o “ 

i^ -§g 

^ E'o'w rt 
= o o g 
^ C **-* P« CO 


*0*0 *-* 

C © O 
G >• C 

o 5 

t^ 

R e,-^ 

e - 

ESe 

© to K* 

x: 0.0 

o G o 
<5 


« 5 

E 2 ^ 

s|e 

ox: o 
»-< ft M 

»*-< CO 4-4 

fcfl® tu 

arc g 

*^4 O C 
© G © 

P> > ^ 

O G O G 

© to © ^ 

M ^ ^ 
^ ft 4 ^ ft 

§S §6 

^ 043 a 
a.c a-R 
fk ^ 


»G I — 1 t-i G 
G ©X: 

^ Q. >• to 
»G © 

K K 


s R 
CS 2 o 

t- 2 -^ ® 

o R o -■ 
2 M <“ R 
fi— c o 

s) ft _3 

•s •" E" 

Sv o o 

“ aSn 
3 m R . {:< 

1 C 43 ^ O 

5 E w c*?: 

1 M © F-. tl 

5 G.S^ ® 

■« ^ © C CQ' 

3 x: uj ^ o 
5-g o S P* 
W <! 


a o « s 
^ S S c 

E ® ft G 

5 2 -c- 

03 a « 2 

Eg"" 

nS .o£ 

— CO ^ C 
G X4 hfi S /-. 

© 43 rr o — 
CO ox; -JS 

« 


w cr G 

5 ©'e'O ^ 

« g C 5 C ,.K 

CO S 2 *-• gG 

© P« w G © © 

"S CO _r © »- •G ^ 

^ a G r* X- © _ 

44 O C-J* 

® l-gg-gsl, 

1 *^ to ft*fi pG cl tf4 ® ' 
gE”g"| o^' 
^ a-S '^■R ® « o: 

t 4 G Go0'*^'d'0 G ' 
o — >-.0 — " 

nSs^^XJ 2 “ 


^44 rt o 

« o^ to 


© Sii s 

ns c ^ c-t 
G 5^ 

© *♦-< G Q 

}-J w 


3" a"® 

1 -R^ 

i S-S 

3 "S^ to 
480 

5 ©•**441 “G 

:E © H 

» 'd © © G 

G ft X 
5 »“ wa 

3 >- “S^ 
3 CS a g 
“ 2 S 2 2 S 

= 2 " a o R 

j E a — •«« 


o 'O -K 

« 5 _ E S 
'® S R’b- 

“-§ s »« 

Sw*” o'g 
S?r 6 ^E 

H G © u 

<s>S “n 
~ oS t? o 
c*ti yS a 
W P5 


pirf w w 

'O © c 
© ^ d »-' t: 

25 “ c” 

G M'S 0 *S o 
»-. to G g w 2 

G © G 44 ^ P 

© '^ . 'C 

ft c Op& 2 CO 

ft § g a-R 
a g a <13 »H 
m 4 :<m'c o 
O 



UrH 0 




0 

-2 *2 © © _. 

44 C43 © 5 0 

0 

0 


g 

G G'ti C CO G 

G © c H 

s 

E 


0 

0 C v> fcx: w 

E D*^ S p 

«pft^ © G 



0 


a o 
o o © 
-©X 5 *S 

>» D G 

©44^ «— I 

4a S " ^ 

•s 2 ao E 

"•*-< goo 

■M ® 

Op.*; 

C .G 43 >» 

M S tox:X} 
o cqTJ 


^ *s 
,2 

© 'C 

^ f~. 

G G 
§■ ^2 
-2 5 ® 

a gifii 

P ^ Q CS 


- a >, 

;gEaaS 

•g © o « 
oco* 53 c ^.5 

o 44 o a ^ 
43 *^ ©'^ 43 » $ 
44 lf 3 10 G. S: 


G 

5 

— o 
§0 2 

*< 5 ■= 

“• 3 S 5 E 

-“0®“ 

a o R >-co 


a o R >-co 

SE« g>. 

s ^ls« 

® kT M S - 

4 ^ O -I *s 

c »5 ►-* © 
4:1 g 

x :5 S 4 * © 
^o 


2+3 0 0 ^ 
»-• Ci ^ 

**^ © 4 J >* 


^ ©43 >» 

4 ^‘Sx:xi 
M « 


44 lf 3 ^ 10 G. 

© pvi — I 5 * 

O*^ ©• 

*-• _. ■r’n _._> © 
. 2 ©«©®, 
fe-Ea-S*; 


'R 2 

4 ^ G 

g-"? 

«M © ft 


G 

^ g 43 to 
^ © *©"© 
g.o ;;:5 

ftC 3 _ C 

■^.slt 

s-S-^-S 
w 5 


^ .2 © 
G 8 “" 

p ft^ 
O o»“ 

43 43 «p, 

c G « 

O 43 043 
>4 © M © 


33 



34 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


Patrick mentioned that the phenomenon has also been observed m 
cases of tumor of the spinal cord and of tuberculosis of the cervical 
vertebrae In 1933 Olkon and Hassm each described the sign in 
a case of subacute combined degeneration of the cord Hassin’s case 
had the advantage of being studied pathologicall}’’, and the t>pical, well 
known characteristics of that pathologic entity were found This author 
took issue with Lhermitte as to the explanation of the phenomenon 
and stated that he doubted whethei early demvehnation is the answer, 
since demyehnation occurs late and the sign usuall) appears early in 
the disease He expressed the opinion that the sign might he due to 
swelling of the spinal nerve fibers He stated 

Additional factors are probablj at play, cither special sets of ner\c fillers arc 
affected or the destructive process is especially severe 

Neither process can be proved pathologically In his review of the 
liteiature and m his paper leporting 6 cases, Salmon' stated the 
opinion that the sign may he a late as well as an early one in multiple 
sclerosis 

During World Wai II attention w^as fiist called to this sign in a 
paper recently published b} Trlumfov^^' who was the author of a 
paper previously mentioned'’ In a repoit of 23 cases of injurv to the 
biain he stated that the intensity of the symptom is i elated to the nearness 
of the vv''ound to the foramen magnum and that the sensation is usually 
more intense in the extremities on the side of the injury In most of 
the cases the histones suggested to Tnumfov that meningeal irritation 
probably on the basis of hemorrhage into the meninges and roots, was 
the cause It was usual for the symptoms to develop at the time of 
healing of the wound or two or three weeks later He assumed the 
formation of scar tissue and adhesions in the meninges The symptom 
dev^eloped and disappeared gradualh Its usual duration m his series 
was one to two months 

12 Patrick, H T The S>mptom of Lhermitte in Ivlultiplc Sclerosis, Arch 
Neurol & Psychiat 1075 (May) 1930 

13 Opalski, A Acces paralytique (decharge paralytique) dans uii cas de 
sclerose en plaque. Rev iieurol 38 281, 1931 

14 Read, C F Multiple Sclerosis with Lliermitte’s Sign, Arch Neurol & 
Psychiat 27 227 (Jan ) 1932 

15 Olkon, E M Subacute Combined Degeneration with Sjmptom of Lher- 
mitte in “Pernicious Anemia” Case, J Nerv & Ment Dis 77 256, 1933 

16 Hassm, G B Paraplegia in Flexion and the Svmptom of Lhermitte, 
Arch Neurol & Psychiat 29 855 (April) 1933 

17 Tnumfov, A V The Symptom of “Electrical Discharge” in Brain 
Injuries, Am Rev Soviet Med 2 350, 1945 
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ANALYSIS OF CASES 

The table presents an outline of the data on 30 patients recently observed in 
an Army general hospital, all of whom had suffered head injuries The subjects 
ranged in age from 19 to 38 years Some were not unconscious at all after their 
injury The longest period of unconsciousness was ten days Some of the patients 
had no neurologic sequelae, others had severe hemiplegia, from which recovery 
took place slowly Twenty-five of the patients had comminuted fractures, with 
resultant defects m the skull of sizes indicated in the table Three of the patients 
showed only simple linear fractures, and 2 had no roentgenographic evidence of 
skull fracture The sites of the bony injuries and damage to the brain in these 
patients were as follows frontal, 4 , frontoparietal, 5 , temporal, 6 , temporo- 
parietal, 2, parietal, 5, and occipital, 4 Two patients had double defects — 1, tem- 
poral and occipital, and the other, bif rental and temporal Twenty of the fractures 
occurred on the left side A review of the cases indicates that the site of the 
lesion IS probably not a factor in the production of the symptom 

The appearance of the phenomenon of electrical discharge varied from a few 
days to six months after the mjurj'', the average time being nine weeks At the 
time of this writing some of the patients are still experiencing the phenomenon 
In most, however, the symptom has disappeared The average duration for the 
patients m whom the sensation no longer exists was a little over three months 

All patients who did not describe an unequivocal sensation of electrical dis- 
charge were not considered Patients who described tingling, numbness and 
tingling, or vibration were rejected for inclusion m this series It was surprising 
that in many instances the patients spontaneously described this symptom, and m 
several it was the chief complaint, since it kept them from being comfortable; 
1 patient was awakened from sleep at night because of the pain involved Except 
m the cases to be mentioned specifically later, the description was a classic one 
On flexion of the neck there was a momentary sensation of electric shock, which 
started in the neck and passed down the arms, spine and legs Variations were 
numerous, in some patients the phenomenon was one sided, although bilaterality 
was more frequent In most patients the electric shock was an invariable sequel 
to flexion of the neck In the others it occurred only occasionally on flexion 
In all patients the onset of the symptom was sudden In a few its disappearance 
was sudden For the most part, however, the disappearance was gradual This 
brief summary indicates already some differences in the symptomatology m this- 
series from that in Tnumfov’s Except when indicated m the separate case 
reports, roentgenograms of the cervical portion of the spine and studies of the 
spinal fluid showed a normal condition 

Group 1 — Analysis of the case material reveals no clearcut evidence that the 
single factor of concussion of the cervical portion of the cord is the chief deter- 
minant m production of the sign However, for 7 of the patients (1, 2, 3, 5, 6, 
7 and 8) the weight of the evidence certainly tends to confirm the original 
impression of Babinski and Dubois ^ that the phenomenon is due to damage to 
the cervical part of the cord by contrecoup This evidence was deduced from the 
cases in which signs of damage to the cervical portion of the cord immediately 
followed the injury Patient 1, for instance, had transient weakness in the left 
arm after an injur 3 ’’ to the left temporal area, and he later experienced the phe- 
nomenon only m the left side of the neck and the left arm Patient 2 suffered 
weakness of both arms for a month after an injur}' to the left frontoparietal area, 
and the discharge of electrical phenomenon appeared in his spine and in both 



36 


IRCHIl ES or XEUROLOGY IND PS^CIIfURy 


arms as his weakness began to clear up Patient 3 had transient numbness ot 
the fifth finger of both hands for three days after Iiis head injury Ihc sensation 
of electrical discharge appeared eight weeks aftei his injury and lasted for three 
months in his chest, arms and thighs Patient 6 had transient sensory loss in the 
distribution of the left ulnar nerve, and fifteen weeks after his injury a sensation 
of electric shock developed in the left side of his neck, in his kft arm and m the 
fingers of his left hand 

As can already be noted, signs of both sensory and motor invoKemeiit refer- 
able to the cervical portion of the cord were in evidence in these patients Careful 
study showed that this weakness was of the type referable to the cervical portion 
of the cord rather than due to involvement of the cerebral cortex Patient 7 had 
excellent motor power in the left hand after a defect in the left temporal area of 
the skull and involvement of the left temporal lobe, from which he had recovered 
Nine weeks after the injury the sensation of electric shock developed in the left 
anterior portion of the chest, the left arm and the third, fourth and fifth fingers 
of the left hand If while holding something in his left hand he flexed his neck, 
the object would drop from his hand because of the sudden, but momentarj, 
weakness 

Patient 8 showed the most extensive invohement of the cord This soldier 
was struck in the left postauncular region by a swinging steel hook He imme- 
diately fell unconscious When he regained consciousness, w’lthm an hour, he had 
complete paralysis of both arms An hour later he was able to move his arms, 
but the weakness persisted Gradually it cleared up so that his power was about 
80 per cent normal Sensory examination showed definite diminution of all modali- 
ties of sensation from the fourth to the eighth cervical segment Three weeks 
after the head injury he began to notice a sensation of electric shock which passed 
down both arms, the spine and both legs On flexion of the neck, there w'as an 
increase in the weakness m his hands, and he occasionally dropped objects w'hich 
he was holding Also, he reported that momentarily, for the duration of the shock, 
which was not particularly disconcerting, there was an increase in numbness 
This could be tested and was best discernible with vibratorj sense He was the 
only patient studied in this series in whom the sensation of electric shock could 
be initiated by jugular compression , with this procedure he received the same 
momentary sensation of shock It is, perhaps, worth w'hile to note that roent- 
genologic studies showed no evidence of fracture of the spine or the skull Studies 
of the spinal fluid revealed a normal condition Since all these patients received 
their injuries in combat and immediate surgical intervention was available for 
them, there was no particular indication for studies of the spinal fluid, hence 
there are no reports on such studies done at the time of the injury Examinations 
of the spinal fluid which are reported on here are those made at the time of study, 
usually months after the injury In case 8, however, an examination of the spinal 
fluid was done immediately after the injury, and there w'as no evidence of any 
abnormality 

Group 2 — According to the opinions expressed by various authors, the patients 
m the first group all presented a condition in which there is neurologic evidence 
of injury to the cord concomitant with the head trauma In the next group to be 
considered (patients 4, 9, 10, 12, 13, 19, 22, 25 and 27) symptoms not unlike 
those of the first group were presented, but there was no direct evidence of 
sensory or motor changes m the upper extremities On the basis of similarity 
of the nature and distribution of the sensation of electric shock, it is likely that 
the etiologic factor is the same Yet it must be noted that variations in the dis- 
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tnbution were more evident In patient 4, for instance, the sensation of electric 
discharge had a segmental distribution from the second cervical to the fourth 
dorsal segment, and along the sixth dorsal segment, skipping the fifth dorsal 
segment 

Patient 9 experienced the phenomenon only in the finger tips In patient 10, 
previously mentioned, in whom the sensations were so intense as to cause awak- 
ening from sleep, the phenomenon was not momentary but would last as long as 
three minutes Also, for reasons unknown, there were periods of two or three 
days m which the phenomenon could not be elicited at all by any means It would 
then reappear and last for two or three days The patient, “a health addict,” 
found that after a series of Turkish baths the sign disappeared entirely for ten 
days On discontinuation of the baths the attacks resumed their usual frequency 
and intensity, to dimmish gradually as time went on 

How complex and variable the phenomenon may be is illustrated by case 13 
The soldier was struck by a shell fragment m the left frontal region, after 
debridement, a defect measuring 3 by 3 cm was left m that region Roentgeno- 
graphic examination showed a small fragment lodged in the left side of the 
■occiput This soldier had right hemiplegia, aphasia and right homonymous hemi- 
anopsia At the time of this writing he has recovered completely from his aphasia, 
his hemiplegia has almost entirely disappeared and only the hemianopsia remains 
Three months after his head injury, on flexion of the neck, the sensation of 
electric shock appeared in his left arm and the fingers of his left hand Two 
weeks later the phenomenon appeared in the right arm and fingers and was then 
bilateral Two months after its appearance the sensations on flexion of the neck 
began to disappear and within a few weeks were completely gone The phe- 
nomenon disappeared from the right side more quickly than it did from the left 
During this period of subsidence the patient noted that if his left hand came in 
■contact with water sensations of electric shock occurred in the finger tips of the 
left hand, but after a week they also disappeared After this, however, he noted 
that if he rubbed his face with his left hand when he was bearded and needed a 
shave, tingling would appear in the finger tips The phenomenon could be elicited 
only over the bearded portion of the face, and only m the left hand The last- 
mentioned subjective symptom of tingling was not the same as the phenomenon 
of electric shock This soldier showed roentgenographic evidence of lipping of 
the anterior margin of the sixth cervical vertebra, which was interpreted as 
evidence of mild arthritis and as having nothing to do with the phenomenon 
Tinder discussion 

In another unusual case, that of patient 19, details of the nature of the injury 
are not clear, but it seems from the medical records available that the soldier 
suffered a bullet wound the point of entrance of which was the left temporal 
region and the point of exit the left occipital region In both these areas he had 
defects in the skull measuring 4 by 4 cm On arrival at this hospital, two months 
after his injury, he had pronounced amnestic aphasia and he had no memory 
whatever for events prior to his injury Since then he has gradually recovered 
much of his pretraumatic history On his admission, it was noted that there was 
slight bulging of both cranial defects and that he had a low grade fever Spinal 
tap revealed the presence of 11,000 cells per cubic millimeter, with 86 per cent 
polymorphonuclear cells On treatment with sulfathiazole and intrathecal admin- 
istration of penicillin the cell count dropped to about 450 per cubic millimeter, 
all of which were lymphocytes The spinal fluid pressure was very low At the 
time of writing, he still has occasional low' grade fever Organisms have never 
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been cultured from the spinal fluid The cause of the patient’s meningitis remains 
a diagnostic problem, and various explanations have been offered, including that 
of sterile abscess He is free of complaints 

After the initiation of the antimeningitis therapj, the patient became aware of 
sensations of electric shock on flexion of his neck The)' occurred in both arms 
and ran down the entire body and both legs The sensation of shock eoiitinucd 
as long as the neck was kept flexed and disappeared only when it was extended 
to a normal position The sensation was not painful After two months the 
sensation of electric shock on flexion of the neck began gradually to disappear 
in his legs, and after three months it disappeared from the entire bod> 

It IS clear that in the two large groups delineated here nerve pathwa>s mediate 
the electric discharge Additional confirmation is gathered from case 23 The 
soldier had had an accident in civilian life, resulting in partial palsj of the left 
ulnar nerve After his head injury and the de\elopment of tlic phenomenon of 
electric discharge he experienced the sensation down both arms but not along the 
sensory distribution of the left ulnar nen’e 

Group 3 — Seven of the cases (11, 14, 15, 16, 17, 20, and 21) are placed 
togetlier because it is difficult to explain the distribution of the electric discharge 
via anatomic nerve pathways The radiation down the spine and legs in patient 11 
can be explained anatomically, but the more common radiation down the arms 
was absent Patient 14 had, besides his cranial injurj, minute metallic bodies just 
above and posterior to the spinous process of the sixth cervical vertebra, surpris- 
ingly, the electric discharge did not radiate down his arms but only down the 
anterior thoracic w'all, the abdomen and both legs 

Patient IS, for instance, felt the shock in his left arm and fingers, but it also 
traveled dowm the sternum and anterior abdominal wall m a narrow strip to the 
level of the umbilicus Patient IS, curiously, felt the sensation of shock deep 
within the abdomen at the level of the umbilicus, and at no time did he ha\e the 
sensation anywhere else The longest duration of the sensation in any patient 
of this series was that in patient 17, who still experiences the phenomenon, though 
definitely diminished in intensity, after thirteen months Interesting!) , the period 
after injury at which his sensations began w'as the shortest in the scries Patients 
20 and 21 also had unusual distributions of tlie electric discharge, the one onl)'" 
down the spine and the other down the neck, shoulders and spine 

Group 4 — The usual course of the electric discharge was downward In 3 
patients this direction w'as reversed In patient 18 the discharge began in the 
posterior part of the neck and ascended, to be felt m the posterior half of the scalp , 
the area involved was fairly congruent with the distribution of the second cervical 
spinal nerve An unusual course of the discharge occurred in patient 23, m whom 
the sensation began at the spinous process of the eighth dorsal \ertebra, ascended 
to the neck and then descended down both shoulders and arms 

Patient 26 was struck by numerous shell fragments in the left parietal region,, 
and several fragments could not be removed at operation Sequelae to his injury 
were right spastic hemiplegia, expressive aphasia and a right hemisensory 
Syndrome Eleven months after his injury the aphasia and sensory changes had 
disappeared and the hemiplegia had improved to the point at which he could walk 
with the aid of a cane One night he indulged heavily in alcoholic beverages. 
He experienced a sudden headache, his motor aphasia recurred, and the hemi- 
plegia became severe, so that he became bedridden Jacksonian tw’itchmgs of 
the right side of the face appeared Examination of the spinal fluid show'ed nothing 
abnormal Two days later his aphasia began to clear, and he complained of 
strangeness of feeling on the right side of the body, especially in the hand The 
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right arm and hand often felt as though they did not belong to him Pam, toucli 
and temperature senses were impaired on the right side Position sense was 
absent from the right hand but not from the toes This exacerbation lasted a week, 
and then recovery was rapid During the week of sensory disturbance it was 
discovered that tapping the ball of the right great toe with a reflex hammer 
initiated sharp electric shock w^hich ascended from the toe up the foot, leg and 
thigh, the right side of the abdomen and chest and the right shoulder, down the 
right arm and up the right side of the neck The face was not involved The 
electric sensation could not be elicited b}' any other means 

Group 5 — Though the clinical picture presented by patient 26, just described, 
does not fit into the usual pattern of the phenomenon under discussion, it provokes 
interest in the possibility of cerebral involvement as a major etiologic factor in 
some cases The cases of 4 other patients appear, from their clinical course, to 
constitute a group in which this maj'^ be true 

Patient 24, a 24 year old soldier, suffered from headaches and gradually dimin- 
ishing vision At operation a meningeal fibroblastoma filling the entire right 
middle fossa was successfully removed After the operation he had left hemiplegia 
and hemianopsia, but his condition gradually improved Five months after the 
right temporal craniotomy he noted sensations of electric shock on flexion of 
the trunk The sensation of shock began in the left side of the forehead, descended 
down the left side of the face and neck and the left arm and leg, skipping the 
thorax and abdomen The symptom persisted two weeks 

The case of patient 26 was described in the preceding group The electric 
discharge w'as present only during the acute encephalopathic episode and then 
disappeared, thus being suggestive of an intimate causal relationship 

Patient 28 suffered a bifrontal and left temporal injury, with right hemiplegia, 
involving chiefly the arm Tw^o months after his injury there developed the 
sensation of electric discharge down the right arm and forearm and the fifth- 
finger 

Patient 29 suffered right hemiparesis and hemihypalgesia, from which he 
recovered During the period of recovery and for two months after his injury,, 
on bending the trunk he experienced the phenomenon of electric shock down the 
entire right side of his body, beginning with the face The sensation could also 
be elicited on jugular compression 

Patient 30, likewise, while recovering from right hemiplegia, experienced the 
sensation of electric discharge down the right arm The phenomenon disappeared 
immediately after cranioplasty and the insertion of a tantalum plate 

An additional case, not listed in the table, exemplifies another variation of the 
phenomenon which appears best explained on the basis of a cerebral factor The 
21 year old soldier was struck by a mortar shell fragment m the left frontoparietal 
region He was not unconscious and never had any complaints At operation the 
dura and brain ivere found to be lacerated, but onij'’ shgbtl} Ten weeks after the 
injury he had a cranioplasty, and a tantalum plate ivas inserted over the defect. 
One month later, while lying in bed, he experienced a sudden, severe shock at 
the site of the injury The sensation of shock spread rapidb' over the entire body' 
and lasted about two seconds It was experienced most strongly in the posterior 
part of the neck, where it was painful Three nights later and one week later 
identical attacks took place There have been no similar episodes since The 
soldier said that the shock vas as though a Ine electric wire were placed on 
his head at the site of tlie injury and operation and the electric current ran 
through his entire body No motor phenomena accompanied the sensations 
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COMMENT 

The clearest discussion of the possible explanation of the phenomenon 
IS that given in a review of the subject by Lhermitte He stated 
that since the phenomenon can be caused by passive flexion of the neck 
without contraction of muscles oi effort, and since it occurs with multiple 
sclerosis, subacute combined disease of the cord and injuries of the 
cord, the most likely explanation lies in the pathologic process common 
to all these conditions, namelj, recent demyelination Ihe sensation 
of shock IS not unlike that experienced by patients with peiipheral nerve 
injuries, known as Tmel’s sign Therefore Lhermitte mentioned this 
phenomenon as an analogous situation m which a similar pathologic 
condition exists When one considers how forceful a trauma some of 
these soldiers have sustained, as m the case in which a missile entered 
the left temporal region and made its exit from the left occipital region. 
It IS not at all surprising that the same foice could hare damaged the 
cord This concomitant injury of the cervical portion of the spine and 
of the cord in association with head injuries has of course been noted 
before in the literature It was recently emphasized by Walshe In 
the present senes all cases in group *1 and most of the cases in group 2, 
are suggestive of concomitant concussion of the cord Man> cases of 
group 3 and cases 18 and 23, of group 4, may also fall into this categorj'' 

To the various discussions on the pathophysiology of the con- 
dition this series of cases, unfortunately, does not add much except 
to stress that whether or not the process is one of demyelination it is 
definitely reversible The overwhelming number of cases of open 
head injuries (in this series, 25 with defects of the skull and only 5 
with closed injuries) cannot be without significance Since undoubtedly 
bleeding is present in the open wound, some weight is thrown toward 
support of Tnumfov’s hypothesis that a causative factor may be 
meningeal adhesions around nerve roots following bleeding Yet 
in only a few cases in group 1 were there signs of radiculopathy, 
and there was in no instance any clinical picture resembling adhesne 
arachnoiditis 

In consideration of the possibility of meningeal adhesions another 
hypothesis presents itself Could the presence of adhesions at the 
site of the defect, where in most instances there was laceration of 
the brain and dura, fixate the brain, so that flexion of the neck caused 
an extension of the cervical portion of the cord and irritation of the 

18 Lhermitte, J Le signe de la decharge electnque dans les maladies de la 
moelle epmicre Le signification semiologique, Gaz d hop lOG 1017, 1933 

19 Walshe, F M R Note on a Commonly Unrecognized Type of Injury 
to the Cervical Spine and Spinal Cord m Association with Head Injuries, Lancet 
2 173, 1944 
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cervical roots ^ Nothing conclusive can be deduced from this senes 
in answer to this question except that m 2 cases (6 and 30) the sign 
disappeared immediately after cranioplasty 

The cases m group 5 argue foi an ovei whelming ceiebral factor 
m the production of the phenomenon Whether one should go so 
far as to postulate a separate cerebral center for perception of electical 
sensation is doubtful Yet such a hypothesis might be ventured, 
since both perceptual and inhibitory centers for qualitative sensations 
related to the phenomenon of electric discharge are being discovered 
Whether m this connection the large number of left-sided lesions 
(m two thirds of the cases) is a factor is conjectural Nor is the 
fact that m several cases the phenomenon could be produced by 
bilateral jugular compression or by bending of the trunk considered 
evidence for or against either the hypothesis of a cerebral origin or 
that of concussion of the cord 

Attempts to correlate the symptoms with the site of the lesion, 
the duration of unconsciousness and the nature and time of operative 
intervention have failed Tnumfov’s observations that the symptom 
IS usually experienced on the same side of the body as the head injury 
and that an injury m the parasagittal region leads to bilateral percep- 
tion of the symptom are not corroborated by the evidence m this larger 
group of cases 

Since Lhermitte stated m several papers that in his opinion the 
phenomenon may be due to actual generation of electricity, studies 
with the neurodermometer were made in a series of these cases In 
no instance could a change in electrical resistance of the skin be 
detected with this instrument during the phenomenon Use of the 
electroencephalogram, m an attempt to pick up “electrical currents” 
with electrodes along the course of the “discharge,” failed to produce 
any deviation during the production of the sensation 

SUMMARY 

A series of 30 cases of head injury is presented in which the 
phenomenon of sensation of electric shock was perceived in various 
parts of the body on flexion of the neck Multiple etiologic factors 
may be operative , the hypothesis of concomitant concussion of the cord 
and of a special cerebral origin are discussed The pathologic process 
is unknown, demyelination of spinal tracts and meningeal scars being 
considered as likely factors , the process, however, is self-limited and 
reversible so far as the phenomenon is concerned 

74 Perry Street, New York 14 

20 Yacorzynski, G K , and Da\ is, L Studies of the Sensation of Vibration 
Arch Neurol & Psychiat 53 355 (May) 1945 



NEUROPSYCHIATRIC OBSERVATIONS ON TSUTSUGAMUSHI 
FEVER (SCRUB TYPHUS) 

LIEUTENANT COLONEL HERBERT S RIPLEY 

MEDICAL CORPS, OFFICERS RESERVE CORPS 

A lthough lecorcls indicate that tsLitsugamuslii icver (scrub 
■ tjphus, Japanese rner fever, kedani fever, Japanese flood fe\er) 
has been known to exist for over a thousand years, the American medical 
piofession had little experience with the disease until it was encountered 
among troops stationed m certain areas of the Southuest Pacific theater 
of the war Tsutsugamushi, which is caused by Rickettsia mpponica 
(Rickettsia orientahs Rickettsia tsutsugamushi), is widely distributed 
over an aiea which includes Japan, Malaja, Fiench Indo-Chma, 
Sumatra, the Philippines other islands ot the Pacific and northern 
Australia The disease will continue to be brought to the attention of 
physicians m the United States by returned soldiers who have lesidual 
manifestations and may again be encountered among the occupation 
troops m the islands of Japan 

Numerous clinical investigations have been made since the first 
description of tsutsugamushi by Palm in 1878 Although frequent refer- 
ences to neurologic and psjchiatric manifestations of the disease have 
been made, no adequate study of the lesions of the central nervous system 
has been published The present report is based on obsenations on a 
group of American soldiers and Marines during an outbreak of the 
disease on Goodenough Island in the D’Entrecasteaux group oft the 
northern coast of the eastern tip of New Guinea 

GENERAL CLINICAL OBSER\ ATIONS 

Fifty-one patients weie studied The most common presenting 
complaints were severe frontal headache, malaise, anorexia, nausea and 
vomitmg Every one of these patients had headache All but 5 had 
anorexia Twenty-eight had nausea, and 22 had vomiting An eschar 
was demonstrable in 39 patients The course of the disease showed 
great variability Bronchial symptoms with a nonproductive cough, 
pneumonia, faint heart sounds, evidences of mild renal involvement, 
enlargement and, often, tenderness of the hvei and spleen, generalized 

From the Neuropsjchiatnc Section, Ninth General Hospital, United States 
Army, and the New York Hospital and the Departments of Psychiatry and Medi- 
cine of Cornell Universit3 Medical College 
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lymphadenopathy, especiall> piominent in the legional nodes draining 
the site of the eschar, maculopapular eruption, congestion of the 
vessels of the conjunctiva and leukopenia were common features 
Some presented tachycardia, while others showed a relatively slight 
elevation of pulse rate considering the degree of fever Sustained eleva- 
tions of temperature, of from 104 to 105 F , and sometimes rising to 
106 or 107 F , lasted from ten to fourteen days Two patients had a 
terminal rise to 108 F Of the 39 patients whose serum gave a Weil- 
Felix reaction with the OXK strain of Proteus vulgaris, 35 had agglu- 
tinations m dilutions of 1 80 or above 

The variation in the clinical couise is illustrated by case studies 

CASE STUDIES 

Case 1 — This case is characteristic of the mild form of the disease, with rapid 
and complete recovery 

A man aged 35 had an onset characterized by eschar, headache, nausea and 
tinnitus The course of the disease was mild The temperature did not rise 
above 103 F The Weil-Felix reaction was positive in a dilution of 1 1,280 on 
the fourteenth day On getting out of bed he had considerable dizziness and weak- 
ness His weight had fallen from 175 to 155 pounds (79 5 to 70 Kg ) He steadily 
gained in strength and weight Although he had no delirium and seemed fairly 
clear during the acute phase of his illness, he stated that for several days “things 
seemed hazy” and that he later did not remember what happened during this 
period Two months after the onset of his illness he had no residual manifes- 
tations 

Case 2 — This case illustrates the severe headache, prostration, deafness, tinnitus 
and mental depression commonly encountered Recovery was slow but complete 

A man aged 26 first became sick on Nov 24, 1943, and his illness ran a 
stormy, acute course He had an eschar on the penis, generalized lymphadenopathy, 
anorexia, prostration, maculopapular rash, deafness, tinnitus, bilateral broncho- 
pneumonia and delirium Generalized edema lasted for several days His weight 
fell from 155 to 130 pounds (70 to 59 Kg ) On December 2, while he was semif 
delirious, his headache was very severe Symptomatic reliet was obtained by the 
slow withdrawal of 15 cc of cerebrospinal fluid, which was under increased 
pressure, contained 11 mononuclear cells per cubic millimeter and gave a 1 plus 
Pandy reaction By Jan 20, 1944 he had regained 10 pounds (4 5 Kg ), slept well 
and had amnesia for the acute phase of his sickness He felt depressed and was 
easily irritated On May 7, after returning from a sick furlough in Australia, he 
felt well except for slight tremor of the hands and lack of “pep and energy ” In 
August 1945 there was no evidence of residual symptoms 

Case 3 — Prolonged delirium was followed by persistence of difficult> m con- 
centration and interference with original thinking eighteen months after the acute 
phase of the illness 

A man aged 27 was taken sick on Nov 18, 1943 He rapidly vent into a 
delirium, during which he talked of swimming and lying on the bottom of the 
ocean At times he felt that he had died and that his v ife had collected his 
$10,000 insurance Cheyne-Stokes respirations appeared, and severe, prolonged 
hiccups were present By December 8 he vas in an apatlietic state and remarked 
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that he did not care whether he Ined or died During the next two months he 
felt weak, experienced difficultv in concentration and cxprcs'icd feelings of unreality 
In March 1944 he went to the mess hall and did not discover that he had left 
his mess gear in the ward until he returned from dinner On contemplating what had 
happened, he tlien realized that he had had a cup of coffee instead of a complete 
meal "While on sick furlough, m March and 'Kpril, his strength and thinking 
capacity lmpro^ed Feelings of unreality disappeared When interviewed on 
klay 7 he had the following symptoms lack of energ\ and ambition, headaches 
and dizziness in the morning, slowness of thinking mildlj defectne memory and 
diminished capacity to carry out original and iniaginatnc thinking Although he 
formerly had been able to write articles m Polish for a newspaper, the thoughts 
he put on paper were silly and disconnected (He had spoken no English until 
he came to the United States, at the age of 22 ) In March 1945 he felt that he 
had not recovered completely He noted difficulty in concentration and in writing 
simple letters, was restless, lost his temper tasih and felt that his pow'ers of 
original thinking had deteriorated 

Case 4 — This case illustrates sc\cre neurologic iinolicment and clouding of 
the sensorium Eighteen months after the illness there were persistence of weak- 
ness in the legs and defect in grasp of complicated thought 

A man aged 3S had a se\ere, acute illness with a temperature of 105 F It 
was characterized b\ intractable headache, nausea, \omiting, deafness, impaired 
Msion, bronchopneumonia, muscular weakness, CheMie-Stokes breathing, pains 
in the ocular muscles, legs and arms, diminution of sensation to touch, pain, 
position and vibration m the lower extremities, hyperactn iti of knee and ankle 
jerks hiccups, urinary incontinence, and delirium There was a hard, smooth, 
hemorrhagic patch around the limbus of the left e\e The fundus of the right 
eye showed a small periarterial hemorrhage on the nasal side On recovering 
from the acute phase of his illness, he ate well but continued to complain of pains 
and weakness, particularh in the legs He spoke of the acute phase of his illness 
as follows “For three weeks I had strange feelings and did not know anything 
I thought I was a prisoner and tried to get awav I got out of bed several times 
I had an idea my body wasn’t wdiole and my legs were separated I heard bells 
ringing” Eighteen months later he noted weakness m the legs, slowness of 
thinking and difficulty in grasping complicated thoughts 

Case 5 — This case was characterized bv severe neurologic and psychiatric 
symptoms with recovery except for easy fatigue and memory defect 

A man aged 25 had a severe febrile stage of his illness without evidence of 
pulmonary or cardiac complications It was characterized by difficulty in swallow- 
ing, in enunciation and in extending his tongue The jacket used to shade a lamp 
was interpreted as a piece of fresh meat, and an attempt was made to secure it 
A railroad train with hungry' people, a beautiful Australian girl and cows and 
pigs as passengers was seen traveling under his mosquito net At times he had 
muscular twitching For three weeks evidences of neurologic involvement per- 
sisted For several months he continued to feel weakness m his legs and to have 
mild feelings of unreality and difficulty m memory and concentration Eighteen 
months after the acute phase of his illness he noted easy fatigue and interference 
with recent memorv' 

Case 6 — The case was characterized by delirium, which persisted after the 
febrile stage, and features of a Korsakoff svndrome, with residual thinking diffi- 
culty and feelings of unreality 
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A 22 year old private m the Marine Corps had a severe febrile phase of the 
illness lasting two weeks, and delirium, persisting for a week after the fever had 
subsided For several weeks he had pains in the legs He was taken sick on 
Dec 8, 1943 Shortly after admission he began to feel that he had been moved 
from one ward to another He had ideas that he had w'andered from the hospital 
to the beach, Avhere he fixed an airplane, flcAV to a recently invaded island, strafed 
the Japs and prepared the way for the landing of the Marines He wiecked his 
plane, escaped by submarine assisted by a Chinese boy, sank much Jap shipping, 
lost his submarine, escaped in another boat to Goodenough Island, bought and dis- 
tributed fresh foods with the help of fuzzy-wuzzies, carried out various exploits 
m a Marine Corps airplane, Avas made a major in the air corps and was so 
successful that he Avas promoted to be a three star admiral, in command of the 
battleship North Carolina A prominent movie star Avas executive officer The 
patient’s temperature *returned to normal on Jan 3, 1944, but evidences of dis- 
orientation, defective memory and confabulation persisted By the end of January 
he had considerable insight into his mental abnormalities but had difficulty in 
concentration and frequently saAV images of people This he appreciated as unusual 
For many years he had been interested in boats and airplanes He realized that 
his ideas about flying and sailing Avere determined by his hobbies He Avas anxious 
to discuss the origin of the delusions and Avas greatly relieved as he gained 
insight into them By the middle of April he felt Avell physically but had some 
difficulty in thinking and periods Avhen his surroundings seemed unnatural 

Case 7 — This case illustrates a severe course, Avith sIoav disappearance of 
neuropsychiatric symptoms and persistence of tachycardia and pain in the left 
upper abdominal quadrant, A\ffiich may have been secondary to a splenic infarct 

A man aged 24 AA^as taken ill on Dec 4, 1943 His illness had a severe, febrile 
course Avith delirium, tachycardia, faint heart sounds, rales at the bases of both 
lungs and severe pain in the left upper quadrant Anorexia persisted for several 
Aveeks His Aveight fell from 192 to 160 pounds (87 to 72 6 Kg ) During his 
delirium he became frightened, thought that he Avas constantly walking with a 
beautiful girl and Avas suspicious that the personnel of his organization had turned 
against him After subsidence of the delirium, he experienced violent nightmares 
of running away from Japs or Indians, of being chased by an old woman and of 
climbing an endless staircase He had episodes of irritability, generalized trembling 
and excessive SAA^eating By the middle of February 1944 he Avas feeling well 
except for difficulty in remembering several things at one time For example, 
AA'hen he had to deliver charts to two AA'ards, it required great effort to keep in 
mind the numbers of these tAvo wards He gained in strength and alertness 
during a sick furlough to Australia, lasting from March 2 to April 6, 1944 There 
Avas a return of sexual desire, the loss of AA'hich had caused him considerable 
concern for tAA^o months Six months after the onset of his illness he had difficulty 
in concentration, sloAvness m thinking, tachycardia and pain m the splenic region 
By August 1945 he felt Avell physically except for persistence of the pain in the 
left upper quadrant His resting pulse AA'as 110 a minute He had continued at 
duty as a guard He felt that he AA'as not so sharp in originating thought as he 
had been before his illness “I noAV grope for AAords At one time I AAas presi- 
dent of a debating team and had no trouble Avith my speech or Avriting I sleep 
lightly noAA' I used to sleep A'ery soundly Until four months ago I had night- 
mares about a man sticking a knife in me and spilling out mA intestines I Avould 
get up, put on a light and look around my tent for him 
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Casc 8 — This case selves to illustrate a severe, fatal tjpe of the disease 
complicated by meningitis The chaiactei istic pathologic changes of tsulsugamushi 
Avere found 

A man aged 23 had a severe leaction, which ended in death on the twelfth 
day after his admission His illness began on April 3, 1944 w'lth frontal head- 
ache and an eschar m the right suprapubic region Bj April 5 he had a fever 
slight chill, urinary frequency, photophobia, generalized muscular aches, pain on 
movement of his eyes and a slight, nonproductive cough Physical examination 
on his admission, on April 6, showed congestion of the vessels of the con- 
junctivas, a temperature of 100 2 F and a necrotic, punched-out lesion sui rounded 
by a red areola several millimeters in diameter Generalized Ij mphadenopathj 
was noted The white cell count w'as 4,900 A maculopapular rash developed 
on the chest and back Six days after his admission respiration became labored 
and cyanosis appeared Rales were found in both pulmoinrv* fields Hearing was 
impaired Granular casts and albumin were tound in the urine On April 13 the 
Weil-Felix reaction was positive m a dilution of 1 40, and on April 17, in a dilution 
of 1 320 By April 15 he had severe hiccups, frequent extrasystoles and a pulse 
rate of 130 a minute He became restless and irrational He remarked that he 
seemed to “hear double” and that he could see his mother, father and fiancee He 
had an overwhelming desire to escape from Goodenough Island, which he par- 
ticularly disliked He seemed frantic A lumbar puncture was done, with with- 
drawal of 15 cc of fluid, under slightlv increased pressure It contained 17 
mononuclear cells per cubic nullimetei, and the total protein measured 29 mg 
per hundred cubic centimeters The next dav the patient became excited and 
overtalkative , his temperature rose to 105 F , his pulse and lilood pressure were 
unobtainable, and the illness terminated fatally 

Postmortem examination ^ show'cd diffuse inflammatory changes m many organs 
In the lungs there were extensive dilatation of blood vessels and invasion of tlie 
alveolar walls with lymphocytes and histiocytes The cardiac muscle fibers 
appeared pale, and there was infiltration of lymphoevtes and histiocytes between 
bundles The pulp of the spleen was hemorrhagic, many large histiocytes were 
seen, and erythrophagia w'as demonstrable The hepatic cells w'cre granular, 
and diffusion of histiocytes, lymphocytes and occasional polymorphonuclear leuko- 
cytes was seen throughout all areas and in clumps around the portal units In 
the kidneys the inflammatory reaction was minimal and limited to infiltration 
of rare mononuclear cells in interstitial areas The testes showed thickening of 
the basement membranes of the seminiferous tubules, only immature cells m 
spermatogenesis, congestion of the interstitial spaces and extensive infiltration with 
histiocytes and lymphocytes The lymph nodes show'ed congestion, indistinct 
markings and sinusoids containing histiocytes and lymphocytes 

NEUROLOGIC AND PSyCHIATRIC MANIFESTATIONS 

The involvement of the central nervous system m tsutsugainushi 
has been desciibed^ as characterized by seveie giddiness and headache 
and later m the disease by hyperesthesia over the body, delirium at night 
and deafness 

1 Lieut Col Vernon L Lippard, of the Medical Corps, provided the report 
•on the pathologic examination 

2 Strong, R P Stitts Diagnosis Prevention and Treatment of Tropical 
Diseases, ed 6, Philadelphia, The Blakiston Company, 1942, p 981 
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Reynes and Richard/ after guinea pig inoculation, isolated the 
iickettsia bodies from the cerebrospinal fluid Their patient was 
delirious, noisy, incontinent and hiccuping Neurologic examination 
revealed tremors of the face and extremities and absence of knee and 
ankle jerks Three days later hiccups disappeared, and the patient pre- 
sented a syndrome of spasticity with generalized hyperreflexia After a 
further brief period of delirium with eiotic content he recovered except 
for amnesia for events which occurred during and after his illness The 
cerebrospinal fluid contained 14, 30 and 137 cells per cubic millimeter 
on three examinations The Weil-Felix reaction with the OXK strain 
of P vulgaris was positive m a dilution of 1 150 Ragiot and Delbove ^ 
reported diffuse cerebial involvement, particularly in the midbrain. 
Pomso ^ found stupor and deliiium and selective involvement of the 
gray matter of the bulb and pyramidal tracts 

In epidemic typhus, which has similar pathologic lesions, severe 
S 3 TOptoms referable to the central nervous S 3 ^stem have been observed 
Von Stock ert ® reported somnolence, auditory hallucinations and cata- 
leps 3 ’-, followed by restless delirium The patient passed into a dream 
state, and became convinced that he had received a high decoration from 
the hands of Hitler Von Stockert also noted that months after defer- 
vescence there may be serious mental disturbances, such as changes in 
disposition or appearance of criminal tendencies and that mental deteri- 
oiation of the type found in encephalitis may be permanent 

In the present series of patients the most frequent evidences of 
neurologic involvement were deafness, in 34 , ringing in the ears, in 26 , 
generalized or localized bodily pains, in 25, pain on movement of the 
eyes, in 18, urinary incontinence, m 17, muscular twitching, in 17, 
impairment of vision, m 17, hiccups, in 10, meningismus, in 5, and 
urinary retention, in 3 Both hypoactivity and hyperactivity of the 
tendon reflexes were observed Respiration was abnormal in most 
cases It was usually rapid, the rate fiequently rising to 40 per minute 
Nine patients, of whom 5 recovered, had Cheyne-Stokes breathing 
Other symptoms which were noted in a few patients were convulsions,, 
dysphagia, dysarthria, strabismus, inequalit 3 '- of the pupils, n 3 ^staginus, 

3 Reynes, V , and Richard, J Sur un cas de typhus tropical a forme 
nerveuse. Bull Soc path exot 33 70-73 (Feb 14) 1940 

4 Ragiot, C, and Delbove, P Trois cas de manifestations nerveuses au 
cours des fievres t 3 'pho-exanthematiques obser\ees en Cochinchine, Bull Soc path 
exot 29 839-844 (Oct) 1936 

5 Pomso, R L’encephalite boutonneuse, Presse med 47 1159-1161 (July 26) 

1939 

6 von Stockert, F G Die psj'chischen Storungen bei Fleckfieber, Deutsche 
med Wchnschr 69 506-508 (July 9) 1943, abstracted, Trop Dis Bull 41 201-202 
(March) 1944 
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inability to protrude the tongue, hyperesthesia, anesthesia and partial 
to complete loss of sense of touch, pain, position and vibiation 

One patient who had seveie neurologic manifestations on recovering 
fioni coma had inti actable pins and needles sensations in his legs 
Examination showed diminished sense of touch and hypersensitivity to 
pinprick in his feet and slightly hyi>eractive tendon reflexes and loss of 
position and vibration senses m his lower extremities These symptoms 
gradually subsided ovei a period of several weeks In another patient 
there were transient loss of position and vibiation sense, seveie burning 
in the soles of the feet, lasting about three weeks, and feelings of 
numbness in the left thigh, which persisted for about five eeks Acute 
parkinsonism occurred m a man who had lost much m eight 

Wolf ‘ found localized myopathy occurring in 2 patients i\ith tsutsu- 
gamushi disease during the acute phase and jiersisting for many 
months thereafter The muscular weakness and atrophy in'both patients 
occuried about the shoulder girdle and exhibited the characteristics of 
muscular dystiophy of the Landouzy-Dejenne type 

The cerebrospinal fluid of S patients \\as examined That of 1 
patient was entirely normal In 2 patients the onh abnormalit} was a 
slight elevation of its pressure In 1 patient (case 6) the fluid contained 
white blood cells and 15 red blood cells per cubic millimeter Another 
(case 2) had a Pand} leaction of 1 plus and a cell count of 11 mononu- 
clear cells per cubic millimeter For a patient who died the lesults 
of examinations of the spinal fluid were recoided as follows (1) 
mononuclear cells 3 per cubic millimeter, (2) xanthochromic fluid, a 
Pand)’- reaction of 1 plus and 35 mononuclear cells per cubic millimeter , 
(3) a Pandy reaction of 1 plus and 5 mononuclear cells per cubic milli- 
meter In the fluid of another patient (case 8) who died 17 mononuclear 
cells per cubic millimeter were found For a severely ill patient who 
survived the following values were leported 40 mononuclear cells per 
cubic millimeter, a Pandy reaction of 2 plus and a total piotem content 
of 70 mg per bundled cubic centimeters 

Cerebral function was impaired in almost every patient Symptoms 
varied from periods of apathy and restlessness to severe prolonged 
■delirium followed by residual thinking difficulty Thiity-one patients 
liad poor concentration, 30, loss of memory, 29, delirium, and 17, coma 
Disorientation was found in 34 patients Twenty-four had delusions, 
and 17 had hallucinations One patient had a Korsakofl; ps)chosis 
During convalescence, illusions, feelings of unreality and dejd vii phe- 
nomena were noted Some were emotionally complacent throughout 

7 Wolf, S Myopathy Localized Muscular Weakness with Atrophy of 
an Unusual Type Occurring Among American Soldiers m the Southwest Pacific, 
to be published 
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their illness Twelve’ showed definite fear and many others some degree 
of anxiety Seventeen were depressed, and 7 had marked irritability 
As in other conditions with toxic or anatomic involvement of the 
central nervous System, the personality background and emotional 
reactions of the patient influenced the thought content Conflict was 
manifested by fears of a Japanese attack, of injury to self or comrades 
or of disaster at home involving financial problems, deaths or infidelity 
of wife or sweetheart Those who had been m combat frequently relived 
battle experiences Paranoid ideas of being mistreated, robbed or killed 
were expressed A Marine who had taken part m the difficult campaign 
at Guadalcanal had delusions that he was on the Russian front wondering 
what he was going to do next Distorted ideas often were based on 
the immediate situation For example, when there was profuse sweating, 
the patient felt that he was floating on a lake, being sprinkled with dew, 
swimming m the ocean or being placed m a damp hole One man who 
was not allowed visitors felt that all men m his organization had 
turned against him With some, reality problems were overcome or 
wishes fulfilled An Alabama farmer thought he was happily driving a 
team of mules A man who had been overseas for over two years felt 
he was visiting friends and relatives Another was having a lively time 
at night clubs accompanied by his fiancee, who appeared to be unusually 
beautiful and well dressed Some heard sweet, soothing music A 
patient who was especially weary of canned food, of the prohibition of 
liquor and of the heat of the tropics during a delirium felt that he was 
on a cool boat going to Australia on furlough and vas surrounded b) 
a plentiful supply of beer and delicious food 

In cases of the milder form of the disease, in which there was no 
gross evidence of abnormality during the febrile stage of the disease, 
there were later periods of loss of memory, ranging from one to 'seven 
days In cases of the more severe form there was amnesia foi as long 
as four weeks Manifestations referable to the central nervous system 
commonly persisted after the acute phase of the illness During the 
severe delirium there was less variation m symptoms between day and 
night than m the febrile delirium which complicates such diseases as 
pneumonia and typhoid In a few patients previously existing psycho- 
neurotic tendencies, such as anxiety, depression and hypochondriasis, 
were accentuated In many there was a loss of sexual feeling It is 
likely that this was due to general debility The frequent testicular 
involvement, with soreness, flabbiness and pain, called the patients’ 
attention to their genitalia and created anxiet}' about their sexual func- 
tion 

Although there weie few^ m the series of 51 patients who showed 
psychoneurotic svmptoms of an} consequence, another group of 20 
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patients, who had previously been hospitalized foi tsutsugamushi fevei at 
other locations in New Guinea, latei came to the Ninth General Hos- 
pital, where definite manifestations of an anxiety state, hysteria, neuras- 
thenia or hypochondiiasis weic found Thc\ knew that other soldiers, 
wdio had survived the disease, had been leturned to the United 
States as patients Most of them had acquired the disease months 
before and had been in many hospitals In their travels from place to 
place they had been subjected to vaiious philosophies m icgard to the 
proper management of their illness, had picked up much misinformation 
and had had ample oppoitunity to mismleipict the points of view to 
which they had been exposed Many of their symptoms w'crc similar 
to those they had e^,pciienced during the acute and the convalescent 
stage of tsutsugamushi Common complaints weie easy fatigue, w'cak- 
ness, headaches, anxietj , palpitation, trcmulousness, diffuse pains and 
excessive somatic preoccupation There w'as usually a history of a 
remission follow'ed b)’’ an cxaceibation wdien the patient w'as confronted 
wuth unpleasant oi dangeious arinv duties Some responded w'ell to 
psycbiatnc treatment, but others did poorly, particularly those w'lth 
rigid personality patterns 

The severity and dramatic nature of the symptoms and the high 
mortality had a teinfying effect on the men who had been exposed to 
the disease but did not contract it During the outbreak at Goodenough, 
three or four times the usual number of men i eported on sick call Most 
of them w ere suffering from mild anxiet)' and hypochondriacal reactions, 
which subsided as soon as the incidence of the disease decreased 

PATHOLOGIC CHARACTERISTICS 

In 1936 Lew'thwaite and Savoor *’ noted petechial hemorrhages m 
the heart, lungs, alimentary tract and kidneys and small perivascular 
infiltrations in the pons, medulla and ceiebellum The cells surrounding 
the blood vessels were reported as neuioglia cells and lymphocytes, and 
nckettsias were thought to have been demonstrated in the cells of the 
walls of blood vessels Thiombus formation w'as noted in some of the 
capillaries Wolbach® pointed out the presence of aieas of necrosis in 
various organs and suggested that small blood vessels of the internal 
organs may present lesions leading to thrombosis 

In this series, postmoitem examination w'as made m 13 cases In 

2 cases no abnormalities of the central nervous system were noted In 

3 cases there was edema of the brain wuth flattening of the convolutions 

8 Lew’thwaite, R, and Savoor, S R Typhus Group of Diseases m Malaya, 
Brit I Exper Path 17 1-34 (Feb ) 1936 

9 Wolbach, S B , in Virus and Rickettsial Diseases, Harvard School of Public 
Health, Symposium, Cambridge, Mass, Harvard University Press, 1940 
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There was moderate congestion of the cerebial vessels m 3 cases 
Hemorrhages into the leptomemnges were found in 4 cases In 1 case 
(8) meningitis developed Lesions similar to those found in other organs 
of the body were noted m the central nervous system on microscopic 
examination The blood vessels weie congested Theie were necrosis 
of the media of arterioles and a perivascular infiltration of monocytes 
and lymphocytes Thromboses were m vaiious stages of early organiza- 
tion Some of the neuions showed degeneration In seveial cases in 
which the central nervous system showed no severe involvement there 
was a severe complicating bronchopneumonia 

Microscopic sections from case 8 were examined by Di SB 
Wolbach, professor of pathology at Haivard Medical School, who gave 
the following opinion 

I find focal lesions in the cerebellum, cerebral cortex, pons and thalamus 
They are of the same general character as those associated with typhus In this 
particular case they are fewer and much less abundant in the pons than with 
typhus, but, as in cases of typhus, there must be a great variation m distri- 
bution The infiltration of the meninges is of about the same degree and char- 
acter as with typhus, the majority of the cells being mononuclear leukocytes or 
monocytes I have compared these lesions with those in typhus, and they are 
so similar that I am quite certain that a fairly extensive study would be neces- 
sary to bring out any differences Certainly, any differences in cellular com- 
position and relation of the infiltrations to capillaries and vessels of precapillary 
size would be quantitative, rather than qualitative I should conclude, therefore, 
that the involvement of the central nervous system bears the same relation 
to the signs and symptoms of tsutsugamushi fever as do the lesions of the central 
nervous system of Rocky Mountain spotted fever and typhus to the signs and 
symptoms of these diseases 

PROGNOSIS 

The fatality rate has shown much variation in aiffeient outbreaks 
Dyer reported it as about 15 per cent for persons of all ages The 
prognosis is poorer with increase in age 

Evidence of severe involvement of the central nervous system during 
the acute phase of the disease signified a poor prognosis Of 17 patients 
who were in coma, 5 recovered Thirteen (25 per cent) of the 51 
patients died Of the 38 survivors, follow-up data were obtained b} 
means of interview or report by letter after six months for 25 patients 
and after eighteen months for 24 patients It was possible to follow 
16 men closely because they were members of this hospital detachment 
Nineteen of the 24 patients had continued on duty in the Pacific area 
The other 5 patients had been returned to the United States for the 
following reasons ' length of overseas service 1 , malnutrition 1 , psy- 

10 Dyer, R E The Rickettsial Diseases, JAMA 124 . 1165 ("April 22) 
1944 
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choneni osis, 1 , and an unknown reason, 1 The 2 patients with pS) cho- 
neurosis had had severe emotional difficulties of man} years’ duration, for 
which they had received treatment m Ai my hospitals prior to contracting 
tsutsugamushi fe\ ei All 24 patients ere able to carr}^ on useful work 
eithei m the Army or m civilian life 

After six months 12 patients and after eighteen months 17, includ- 
ing the 2 vith psychonciirosis, showed no residual manifestations The 
7 patients of the 24 (29 per cent) who continued to haAc symptoms com- 
plained of pool concentiation, memoiy defect dccre.ised abilit} to grasp 
complicated ideas, difficulty m original and imaginatue thinking, easy 
fatigue, deafness, tremor of the extremities, pains and w-eakness m the 
legs tachycaidia, pam m the testes and splenic region and dyspnea on 
exertion One patient said, ‘ IM} mind feels parth withered aw a} ” 
Anothei repoited, “I feel just like a burnt-out motor” Some of these 
symptoms may have been ps^chogenlc Howevei, for the most part they 
w'ere piesent continuous!} and appeared to be secondaiy to seveie organic 
involvement at the time of the acute phase of the disease When emo- 
tionally determined symptoms were not recogm/ed and tieated, chronic 
psychoneurotic reactions frequently developed If recovery was incom- 
plete after six months, the outlook for further improvement w-as poor 
Sexual feeling retuined to normal aftei the debilitating phase of the 
illness w'as passed In addition to residual manifestations referable to 
the central nerAOUs system cardio\ascular symptoms, such as tachy- 
cardia, precardial discomfort and dyspnea, sometimes persisted 

TRLATMENl 

Since theie is no specific treatment, symptomatic and supportnc 
care is of the greatest importance The value of convalescent serum, 
which W'as given in several cases, was questionable Oial administration 
of adequate quantities of liquids as judged b} the state of hydration of 
the patient and the uiinary output seemed best in these cases A well 
balanced diet of simple foods as tolerated w'as important in order to 
maintain the nutrition and strength of the patient Tactful spoon feeding 
by nurses or w'ard men w'as of great help Morphine, scopolamine and 
paraldehyde were the drugs of choice in the control of restlessness and 
insomnia When there was evidence of severe, intractable headache, 
small amounts of cerebrospinal fluid w'ere withdrawal gradually in 
order to give relief During the delirium the environment was simpli- 
fied as much as possible in order to lessen the bewilderment of the 
patient The number of persons caring for the patient w'as kept at a 
minimum, and visitors were restricted Simple explanations and 
reassurance helped to decrease perplexity and fear During con- 
valescence analysis of the significance of the delusional ideas increased 
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the ease and confidence of the patient Care was taken to insure grad- 
ual increase of physical and mental activity in accordance with the 
patient’s toleiance It may be necessary to have the patient under 
medical supervision for as long as six months Attention to the person- 
ality as a V hole v as of value in helping the patient to return to useful 
vork as soon as he is capable of it Brief analysis of personality 
reactions, explanation of the disease and of its symptoms, reassurance 
and encouiagement vere of benefit m many cases 

COMMENT 

In tsutsugamushi fer er one is dealing with a geneialized disease which 
may be accompanied Avith mild to severe involvement of the central 
nervous system Neurologic and mental examinations indicate func- 
tional and structuial change in the cerebrum, the brain stem and the 
spinal cold In some cases the neurologic signs point exclusively to 
pel ipheral involvement These may be the result of nutritional deficiency 
and may be similar to those seen m other severe or debilitating illnesses 
Inadequate caloric intake together with high fever resulted m loss of 
weight, sometimes as high as 60 pounds (27 Kg ) The period of 
convalescence was frequently prolonged, and recovery was sometimes 
incomplete The persistence of symptoms suggested that they were 
due to parenchymal destruction and secondary gliosis Personal com- 
munication with physicians in other locations in the New Guinea area 
where tsutsugamushi is a common disease indicated that an unusually 
severe form of the disease was observed at Goodenough Island and 
that the manifestations of involvement of the central nervous system 
were more prominent than in outbreaks in other cases The cause, 
symptoms and pathologic changes are similar to two diseases about 
which more is knovn, namely. Rocky Mountain spotted fever and epi- 
demic typhus 

SUMMAEY 

Neurops 3 ^chiatric observations were made on a gioup of 51 patients 
with tsutsugamushi fever during an outbreak on Goodenough Island 
Mortality was 25 per cent All patients exhibited involvement of the 
central nervous system, manifestations ranging widely from transient 
toxic cerebral symptoms to evidence of severe, widespread inflammation, 
resulting in coma and death Pathologic changes in the central nervous 
system were similar to those found in other organs of the body and 
consisted of focal lesions characterized by necrosis, thrombosis and 
perivascular infiltration with numerous mononuclear cells, lymphocytes 
and plasma cells and rare polymorphonuclear leukocytes The rate and 
degree of recovery varied considerably Twenty -nine per cent of 
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patients on whom follow-up data w'eic available, eighteen months alter 
the acute phase of the disease, showed residual manifestations, most of 
which appealed to be secondary to oiganic changes of the central 
nervous S3stem None had symptoms of sufficient severit) to prevent 
performance of useful w'ork During the acute illness symptomatic 
treatment and good nursing care w'eie of major importance During 
convalescence graduated activity under medical supervision and prompt 
treatment of psychoneurotic manifestations facilitated recoveiy Psycho- 
therapy, w'lth a brief analysis of personality reactions, explanation, 
reassurance and encouragement, was found to be of benefit 

New York Hospital 



PERMEABILITY OF BLOOD-SPINAL FLUID BARRIER IN INFANTS 
AND IN NORMAL AND SYPHILITIC ADULTS 
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"POSITIVE Wassermann reactions raiely occur in the spinal fluid 
in the absence of syphilitic involvement of the central nervous 
system “False positive” reactions of the spinal fluid have been 
observed ^ m patients with meningitis of bacterial or virus origin, 
especially m persons with a positive Wassermann reaction of the serum, 
and it has been assumed that the normal barrier between the blood and 
the central nervous system may be impaired by the meningeal inflam- 
mation, permitting the passage of reagm from the serum into tlie spinal 
fluid The positive Wassermann reactions of the spinal fluid of these 
patients reversed after the symptoms of meningitis subsided 

Lately, we examined the spinal fluid of 16 newborn infants with 
syphilis In 4 infants the results were completely normal , m 4 a 
positive Wassermann leaction with a high cell count, a high protein 
value and an abnormal colloidal gold curve were found and a diag- 
nosis of syphilitic involvement of the central nervous system was made 
In 8 infants modeiately positive Wassermann reactions weie found, 
while the cell counts, protein values and colloidal gold curves were 
noimal , these observations are not unusual m patients with long-standing 
or well treated neurosyphilis and are commonly interpreted as evidence 
of inactivity of the infection In the newborn, howe^er, one cannot 
assume that a “burnt-out,” long-standing neurosyphilis has caused 
reagm to lemaiii m the spinal fluid while all other signs of an actne 

From the Subdepartment of Dermatology, Department of Medicine Royal 
Victoria Hospital (Dr Kalz) , the Children’s Memorial Hospital (Dr Friedman), 
and the University Clinic, AfcGill University Faculty of Medicine (Miss Schenker 
and Miss Fischer) 

1 Scott, V , Reynolds, F W, and Mohr, C F Biologic False Positne 
Spinal Fluid Wassermann Reactions Associated with Iilenmgitis, Am J S\ph, 
Conor & Veil Dis 28 431 (July) 1944 
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inflammation have subsided These 8 infants showed a high reagin 
titei m the serum, the Wassermann reactions being i iiositive in 
dilutions of from 100 to 300, while the spinal fluids gave positive 
reactions with 1 and 0 6 cc and negative reactions with 04 cc 
This pattern is suggestive of a passive transfci of leagin from the 
blood into the spinal fluid 

The 4 infants foi whom a diagnosis of neuiosyphihs was made were 
treated with sulfaisphenaminc in the usual dosage and showed 
an unexpected quick reversal of all abnoimal features of the spinal 
fluid Adults wuth eail}^ syphilis, exhibiting a pattern of the spinal 
fluid abnormal in all lespects, do not lespond quickly to therapy and 
lequne at least a year or more for complete reversal to normal These 



Fig 1 — Graph showing the relation of the total protein content of the cerebro- 
spinal fluid to the permeability quotient (P Qn) of the barrier between the blood 
and the cerebrospinal fluid for patients with neurosjphilis (P) and foi normal 
(control) adults (A) The average permeability quotient of normal patients and of 
patients with neurosyphilis is in inverse ratio to the amount of total protein, 
expressed in milligrams per hundred cubic centimeters 


4 infants, however, show'ed a completely normal spinal fluid wuthin 
a short period The case of 1 of these infants is reported in brief 

J F, a French-Canadian girl, w'as admitted to the Children’s Memorial Hos- 
pital in Montreal at the age of 2 months in a critical condition The liver and 
spleen w'ere palpable, there w'as severe diarrhea, and the temperature w'as ele\ated 
to from 101 to 103 F A widespread, maculopapular eruption wns noted, with 
moist papules about the anus and genitals, and browmish red, shiny infiltrations 
were present on tlie palms and soles There were hypertrophic papules on the tongue 
and a purulent nasal discharge The pupils did not react to light, the eyes did 
not follow moving objects, and the child appeared to be blind, ophthalmologic 
examination revealed prominent, edematous nerve heads The child could not 
move the right arm, there w'as a pronounced sw'elhng of soft tissue about the 
right parietal bone, and roentgenographic examination revealed destructive changes 
of the proximal ends of both radii, ostCochondutis, zones of raiefaction, periostitis 
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of the long bones and a zone of rarefaction on the right parietal bone The 
Wassermann reaction of the blood was positive m a dilution of 1 256 The mother 
was syphilitic A diagnosis of congenital syphilis, with cutaneous mucosal and 
skeletal involvement, and syphilitic neuritis of the optic nerve was made 

The general health improved quickly with transfusions, dietary adjustment and 
mild antisyphilitic therapy The child was discharged after two months, com- 
pletely free of symptoms and with apparently normal vision While she was in 
the hospital, a total dose of 750 mg of sulfarsphenamine was given Theiapy 
with sulfarsphenamine and a bismuth compound was continued for one year at the 
treatment center of the Royal Victoria Hospital, on completion of therapy, the 
spinal fluid was normal in all respects, and the Wassermann reaction of the blood 
was negative 

The rapid improvement in the condition of the spinal fluid reflects the favorable 
clinical course The laboratory data were as follows 


Date 

Cells 

per 

Cu Mm 

Pandy 

Keac 

tion 

Protein 
Content, 
Mg per 
100 Cc 

Wassermann 

Rcaetion 

Colloidal Gold Curie 

12728/43 

95 

+ 

123 

+ with 0 2 cc 

Not determined 

1/ 0/44 

75 

-h 

77 

+ 11 ith 0 2 ce 

1 1% 2 2 2 21/2 1 0 0 0 

3/ 8/44 

2 

— 

27 

— 11 ith 1 0 ce 

Normal 


The unusually quick reveisal of the spinal fluid to normal in this 
case may be explained by assuming that the arsenical level m the spinal 
fluid of very young children treated with trivalent arsenicals is highei 
than that in adults because the barrier between the blood and the 
spinal fluid is undeveloped 

The 1 elation of the spinal fluid to the blood has been treated in an 
exhaustive and masterly way by Katzenelbogen " in his monograph 
which contains a complete bibhogiaphy up to 1936 He cites the 
following work Stern and Peyiat found that crystalloids pass 
freely from the blood into the spinal fluid in newborn animals in which 
the cential nervous system does not leach maturity at birth, such as 
dogs, cats, rats, mice and labbits, and that as the animals giow the 
resistance of the barrier gradually inci eases The newborn guinea 
pig show’^s the same peimeabihty of the barrier at birth as does the 
matin e animal Robinson found a high permeability of the hairier 
in neivboin mice in ivhich tiypan blue ivas injected subcutaneousl)'' , 
this peimeabihty gradually decreased as the mice giew older Few 
such obseivations have been made on human subjects Leno\ noted 
inci eased peimeability to uranium in children dining the first years 
of life Kiiise, using Walter’s biomide method found a high peimc- 

2 Katzenelbogen, S The Cerebrospinal Fluid and Its Relation to the Blood 
A Physiological and Clinical Study, Baltimore, Johns Hopkins Press, 1935. 
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ability in 16 of 28 childicn less than 3 months of age, A\hilc in older 
childien values identical with those of adults ^^ele noted 

These repoits and out clinical ohservations pic\iously noted, 
indicated that a comparison of peimeahilitj of the hariicr in infants and 
in normal and syphilitic adults at various stages of the disease might 
he of interest 

PRESUNT INVESTIGATION 

The bromide permeability lest, devised by Walter,’’ was used, chieflj because 
It lias been evtcnsnelv emplo^cd in studies of patients with ncuiosjpliilis , this 
test is designed to demonstrate a normal, an increased or a decreased permeability 
of the blood-spinal fluid barrier Sodium bromide is gncii bj mouth, 0 02 Gin 



PERMEABILITY QUOTIENT 


Fig 2 — Frequency curves showing the probable distribution of permcabiht> 
quotients for the various groups if a large number of cases were examined The 
solid line indicates the curve for patients with active neurosyphilis , the broken 
line, the curve for normal infants, the line of dots and dashes, the curve for 
patients wuth treated neurosyphilis, and the lines of dots, the curve for normal 
adults The results suggest that the differences are statistically significant The 
height of the curve was chosen arbitrarily This graph is presented through 
the courtesy of Dr S G Bauer, Cambridge, England, now with the Canadian 
National Research Council 


per kilogram of body weight, three times a day for five days Later investigators 
increased the dose to 0 04 Gm per kilogram of body weight, this dose was used 
for the adults in our senes On the sixth day the bromide concentrations of the 
blood and the spinal fluid are determined The ratio of bromide m the blood 


3 Walter, F K Die Blut-Liquorschranke, Leipzig, Georg Thieme, 1929 
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to that in the cerebrospinal fluid is called the bromide permeability quotient 
Walter found that the normal range of permeability quotients was from 2 90 to 
3 SO these values, with slight variation, have been corroborated by other authors 
The permeability quotient for neurosyphilis was found to be significantly lower, 
and Katzenelbogen ^ presented tabulated values to this effect, in which he com- 
pared the results of various authors 

The bromide content of the blood should be higher than 30 mg per hundred 
cubic centimeters to insure an accurate determination, and cases in which the 
concentration was lower were not included in our series To achieve this concen- 
tration in the blood in infants, we found it necessary to increase the single dose 
of sodium bromide to 0 2 Gm per kilogram of body weight, an amount which is 
five times that for adults but still well below the toxic dose 

In order to adopt the colorimetric method of Walter for the estimation of 
bromides to the photoelectric colorimeter, it was necessary to change the dilutions 
of the standards and of the blood 

Standard Curve — A calibration curve was made with known amounts of 
bromide Thus, 143 mg of sodium bromide is dissolved in distilled water, and 
the solution is made up to a volume of 100 cc Standards containing 0 5, 0 75, 
1, 1 5 and 2 55 cc of the stock solution, equivalent, respectively, to 0 55, 0 83, 1 11, 

1 66 and 2 77 mg of bromine, are made up to a volume of 12 cc with a 3 
per cent solution of trichloroacetic acid To each of these standards is added 

2 4 cc of a 05 per cent solution of gold chloride (Merck’s acid brown), and 
readings are made on the Evelyn colorimeter, using filter 520 Within this range 
of concentrations a rectilineal curve is obtained, and a Ka value, according to 
Beer’s law, of 0 1245 ± 0 03 is determined 

Procedure for Blood Serum — First, 3 cc of serum is diluted with 9 cc of 
distilled water For each cubic centimeter of diluted serum 0 2 cc of a 20 per 
cent solution of trichloroacetic acid is added Precipitation is allowed to take 
place, and the solution is filtered at the end of thirty minutes To 6 cc of the 
filtrate 6 cc of a 3 per cent solution of trichloroacetic acid and 2 4 cc of a 0 5 per 
cent solution of gold chloride are added The solution is then read in the photo- 
electric colorimeter with filter 520 

The results may be read off the calibration curve, or a Ks value based on the 
calibration curve may be determined for each colorimeter If the concentration 
of sodium bromide in serum exceeds 125 mg per hundred cubic centimeters, the final 
solution should be diluted with distilled water 

It was not found necessary to allow for adsorption of bromide in the precipi- 
tated protein, as Diethelm ^ suggested With the method described, the following 
recoveries of sodium bromide added to serum were obtained 


Serum Bromide,* 
Mg /lOO Cc 


Calculated 
Eecoverv of Bromide 
Mg /lOO Oc 


Percentage of 
Eecovery 


92 5 92 9 99 C 

44 4 40 6 95 3 

95 5 92 9 102 8 

34 6 33 7 102 7 

93 4 92 9 100 5 

54 9 65 9 93 2 

95 0 89 2 106 5 

64 7 07 0 90 5 


* It was assumed that normal serum contained 0 4 mg of sodium 
bromide per hundred cubic centimeters 


4 Diethelm, O On Bromide Intoxication, J Nerv' & Ment Dis 71 151 
(Feb) 1930 
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Procedure for Cerebrospinal Fluid — To 4 cc of cerebrospinal fluid 4 cc of 
distilled water and 1 6 cc of a 20 per cent solution of trichloroacetic acid are 
added The solution is allowed to stand for thirty minutes and then filtered 
To 6 cc of the filtrate 6 cc of a 3 per cent solution of trichloroacetic acid is 
added, and the solution is read in the colorimeter as previously described The 
result obtained with this dilution must be divided by 2, since the concentration 
of cerebrospinal fluid in the filtrate is twice that of the serum The cerebrospinal 
fluid is not diluted so much as the serum, because the bromide concentration of 
tlie cerebrospinal fluid is usuallj^ much lower than that of the serum and a 
galvanometric reading above SO is thus avoided 

Cluneal Maicual — The following groups of patients were tested (1) adults 
showing no involvement of the central nervous system, referred to as “normal 
adults”, (2) adults with untreated ncurosjphilis, referred to as patients with 


Table 1 — Barriei Permeability m 14 Adults Without Cluneal oi Laboratory 

Evidcnec of Neurosyphihs 


Se^ 

Age 

Diagnosis 

Cerebro 

spinal 

1 luld 
Protein, 
Mg iM.r 
lOO Cc 

Blood 
Bromide, 
Mg per 
100 Cc 

Cerebro 
spinal 
Iluid 
Bromide, 
Mg per 
lOOCc 

Bromide 

I’ermca 

bility 

Quotient 

F 

32 

Syphilis, latent, late 

44 G 

£0 2 

40 0 

0 j2 

F 

24 

Syphilis, latent early 

5SS 

£05 

30 7 

219 

F 

20 

Syphilis latent, late 

SC 1 

114 7 

500 

2 20 

At 

30 

Syphilis, latent early 

oOO 

OSO 

2G2 

200 

F 

25 

Syphilis, latent, late 

47 4 

47 0 

18 4 

200 

F 

47 

Syphilis, latent, late 

2S4 

4S2 

184 

2 02 

F 

31 

Syphilis, secondary, treated 

31 0 

44 0 

14 0 

314 

F 

42 

Syphiiis, latent late 

SO 5 

128 0 

40 0 

3 15 

P 

41 

Syphilis, latent, carlv 

20 3 

83 3 

20 3 

317 

M 

55 

Eczema 

40 0 

533 

10 0 

3 21 

P 

40 

Syphilis, latent late 

01 0 

75 0 

230 

3 20 

P 

30 

Syphilis, latent, late 

oS 4 

01 0 

17 0 

3 59 

P 

32 

Syphilis, congenital, inactive 

30 4 

30 5 

97 

3 70 

P 

21 

Syphilis, latent, early 

3S5 

122 0 

310 

3 94 

Average values 

40 9 



2 97* 


* The avenge permeability quotient found m this group, 2 07, is well within the limits 
of values described as normal 


"active neurosyphihs”, (3) adults with neurosyphihs who have received at least 
one year of treatment, fever tlierapy and/or treatment with pentavalent arsenicals, 
referred to as persons with “inactive neurosyphihs,” and (4) infants less than 
18 months of age who were nonsyphihtic, referred to as “normal infants ” 

COMMENT 

Our observations on increased permeability of the barrier between 
the blood and tlie spinal fluid in infants may explain the positive 
Wassermann reaction of the spinal fluid of infants with congenital 
syphilis who otherwise show no signs of neurosyphihs, this increased 




Table 2 — Bmtter Permeabthty in 9 Adults with Active Newosypluhs 
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permeability of the bariiei may peimit the passage of reagin from 
blood into the spinal fluid 

Increased penetiation of arsemcals into the spinal fluid may 
explain the unusually quick serologic reveisal and the clinical cure 
of the active neurosyphihs in infants under loutine therapy 

Increased permeability of the barrier in infants may be a phenomenon 
meriting furtliei studies, especially with regard to therapy with peni- 
cillin 

Table 3 — Barrier Pcimcabiltiy m 22 Nonsyphihlic Infants 


Corebro 

spinal 

Blood lluld Bromide 
Bromide, Bromide, Permea- 
per Me per bllitj 


Se\ 

Age 

Diagnosis 

100 Oc 

100 Cc 

Quotient 

M 

17 mo 

Pneumonia anemia 

14 4 

30 7 

121 

r 

18 mo 

Pneumonia, anemia 

150 0 

113 0 

1.33 

M 

3Wk 

Intoxication 

07 4 

COO 

148 

M 

3 mo 

Pneumonia, con\ alesccnt 

1G5 0 

830 

174 

r 

5 wk 

Infection of upper resplratorj tract 

190 0 

110 5 

177 

M 

4 mo 

Rickets congenital heart disease, otitis media 

125 0 

COS 

179 

M 

4 mo 

Infection of upper respiratory tract 

84 0 

42 0 

100 

M 

12 mo 

Lobar pneumonia 

154 5 ' 

78 2 

198 

P 

13 mo 

Infection of upper resplratorj tract 

100 2 

50 4 

100 

P 

13 mo 

Pneumonia convalescent 

72 3 

SCI 

200 

M 

3 mo 

Pneumonia, convalescent 

S3C 

41 6 

2 01 

M 

3% mo 

Pneumonia otitis media 

120 0 

55 0 

210 

P 

2 mo 

No disease 

071 

44 0 

218 

F 

23 mo 

Ihioumonla convalescent 

85 2 

30 4 

2 34 

r 

4 mo 

Otitis media 

505 

20 7 

2 4-t 

M 

14 mo 

Nutritional anemia 

7j 1 

30 4 

2 47 

M 

5% mo 

Eczema 

802 

32 4 

2CC 

P 

4 mo 

Otitis media 

coo 

24 4 

2 70 

M 

15 mo 

Nutritional anemia, infection of upper rcspl 
ratorj tract 

87 0 

30 4 

280 

P 

5 mo 

Otitis media 

319 

U 1 

2 87 

M 

3 mo 

Tracheobronchitis, conv alesccnt 

40 4 

15 2 

325 

M 

5 vk 

Infection of upper respiratory tract 

30 0 

10 8 

3 39 



Average value 



2 21* 


* The average permeability quotient for this group ol normal infants is slgniflcantly 
lower than the values listed for adults and closely approaches the figures found for adults 
with neurosyphihs 


SUMMARY 

The permeability of the blood-spinal fluid barrier was detennmed 
for nonsyphilitic infants and ivas compared with that for normal adults 
and for adults with neurosyphihs The values for infants were 
significantly lower than those for adults and were comparable to the 
values for adults with neurosyphihs 

Walter’s bromide method was used for this investigation, and 
adaptation of this method to photoelectric readings is described 
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These observations explain positive Wasseimann reactions of the 
spinal fluid of syphilitic infants who otherwise show no evidence 
of neurosyphihs, clinically or with laboratory tests 

It is suggested that positive Wassermann reactions of the ceiebro- 
spinal fluid of syphilitic infants should not be considered proof of 
neuros}phihs in the absence of othei evidence 

AIiss Barbira Dean, Department of Derniatologj , Rojal Victoria Hospital, 
prepared the tables 

1414 Drummond Street 



USE OF QUANTITATIVE PARASITE INOCULATION DOSES 
IN PLASMODIUM VIVAX MALARIA THERAPY 


CAPTAIN LAWRENCE I KAPLAN 
LIEUTENANT COLONEL HILTON S READ 

AND 

MAJOR FREDERIC T BECKER 
MEDICAL CORPS, ARMY OF THE UNITED STATES 

In Collaboration with Mark F Boyd, M D 
Director, Station for Malaria Research 
TALLAHASSEE, FLA 

C UMULATIVE experience with therapeutic malaria in the manage- 
ment of neurosyphilis during the past twenty-five years has 
resulted m refinement of technics and m a clearer understanding of the 
charactenstics of induced malarial infection The febrile course of 
Plasmodium vivax malana, following either natural or artificial inoc- 
ulation, in most instances does not display the regular tertian parox- 
ysms commonly described in textbooks The majority of infections 
exhibit quotidian cycles with varying degrees of irregularity At the 
onset of clinical activity, following mosquito inoculation or the usual 
admmisti ation of a 5 to 10 cc inoculum of blood at institutions utilizing 
theiapeutic malana, a period of several days of remittent fever, char- 
acterized by continuous low grade elevations of temperature, to 101 
or 103 F , IS experienced This period of remittent fever is commonly 
accompanied with severe malaise and exhaustion, often debilitating the 
patient prior to the establishment of true malarial paroxysms Since 
the accepted ciiterion for determining the therapeutically effective 
amount and duration of fever therapy of neurosyphilis consists either 
in the number of paroxysms i caching 104 F oi moie or in the number 
of hours of fever experienced at a temperatuie above 103 6 F, the 
peiiod of remittent fevei, exhausting the patient before clinical activity 
IS regulated, contributes little to the theiapeutic course 

Investigators in malana reseaich consider this initial period of 
lemittent fever the result of asj nchronization of different broods of 
malaria parasites This asynchi onization of parasites following intra- 
venous inoculation is apparentlj’- produced by the injection of a large 
numbei of organisms in diffeient stages of schizogony, resulting in 
lemittent fever when clinical levels of parasitemia are reached 
S 3 mchronization of these broods occurs only after several dajs of 
clinical activit}’’ has permitted domination by a single brood and cycle 
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It wks the pin pose of the investigation hcie leportccl to contiol 
the technics of inoculation in ordei to chiinnatc the distinbing pciiod 
of lemittcnt fevei and to have as many patients as possible e\pcuencc 
paioxysms of theiapeutic benefit at the onset of clinical activiti It 
seemed logical that if a single paiasite weie injected into a lecipient’s 
blood stieam, onl} one biood of paiasites would matin e and onh one 
c}cle of paioxysms, topically tcitian, \\oiild eventuate The inoculation 
of single tiophozoites is non being accomplished with some degiee of 
success at the Station for i\Ialaiia Rcseaich (Rochcfcllei Foundation), 
Tallahassee, Fla, nith use of the miciopipct Such a technic icquircs 
the utmost skill, is time consuming and must be confined to icscaich 
laboratoi les 

The qnantitatue paiasite count, pci formed by a relatively simple 
method, has initiated a technic of inoculation based on piedetermmed 
parasite doses low enough to eliminate oi suppiess the period of remit- 
tent fever Total doses of less than 500,000 parasites often require 
laborious dilution methods, ivhicli appreciably dimmish the clinical 
applicability of the technic Foi that reason, doses langing from 
1,000,000 to 150,000,000 paiasites nere used in this study In many 
instances intradeimal inoculation nas attempted with the thought that 
few parasites would reach the blood stieam, lesulting in less asynchro- 
nization and greater regulaiity of the febiile response The results of 
a comparative study of the duiation of the period of remittent fever 
and the type of febrile cycle produced by the inoculation of P vnax 
parasites intradei mally , inti avenously, m vaiying parasite doses, and 
by mosquito application are repoitcd in this communication 

MATERIAL AND METHOD 

From June 25, 1944 to Aug 31, 1945, a total of 265 patients with reuro- 
syphilis were inoculated with P Mvax Thirty-six patients experiencing spontane- 
ous remissions prior to the completion of a therapeutic course and requiring 
a course of quartan malaria therapy, or inoculation with Plasmodium falciparum, 
were excluded from this study because of their immune responses Of the 
remaining 229 white patients, the results for a senes of 205 were actually analyzed 
The 24 patients for whom results were omitted from the analysis were those who 
had a definite history of previous attacks of natural malaria This omission was 
justified by the observation tliat the period of remittent fever and the tj'pe of the 
paroxysmal cycle were dependent not only on the technic of inoculation but on 
the degree of immunity to malaria of the individual patient A previous study 
of homologous and heterologous immunity to P vivax malaria with the cross 
inoculation method ^ clearly indicated that the ability of a partially immunized 
patient to deal with injected parasites is quite different from that of a susceptible 
patient 


1 Kaplan, L I , Read, H S , and Becker, F T Homologous and Heter- 
ologous Strains of Plasmodium Vivax A Cross-Inoculation Study of Malaria 
Strain Immunity, J Lab & Clin Med 31 400, 1946 
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Technics of Inoculation — 1 Mosquito Inoculation Three to 6 mosquitoes from 
lots - of known infectivity were applied (in individual cages) to the upper extremity 
and axilla of 58 patients After application, each mosquito vas dissected in order 
to determine the approximate degree of infectivity from the density of sporozoites 
extruded from the salivary glands In all instances a minimum of 2 infected 
mosquitoes per patient was considered necessary for a successful clinical “take ” 

2 Intradermal Inoculation Ordinary tuberculin syringes were used to inject 
whole blood directly from a donor into 4 wheals on the recipient’s forearms 
(0 05 cc of blood in each wheal) Donors with parasite counts of approximately 
5,000 per cubic millimeter w'ere employed in most instances in order to gn e a total 
dose of approximately 1,000,000 to 2,000,000 parasites in the 0 2 cc of intra- 
cutaneously injected blood Twenty-six of 34 patients inoculated with this 
technic completed therapeutic courses, and their data w^ere included m the analysis 

3 Intravenous Inoculation The single syringe technic, wuth w'hich wdiole 
blood IS directly transferred from donor to recipient wuthout the use of anti- 
coagulants, was employed Inoculums varied from 0 05 to 10 cc , depending on 
the quantitative parasite count of the donor Total doses injected wuth this method 
ranged from 1,000,000 to 150,000,000 parasites Fifty-six patients received doses 
of 1,000,000 to 5,000,000 parasites, 29 received 6,000,000 to 25,000,000 parasites, 
and 36 received 26,000,000 to 150,000,000 parasites An illustration is given 

Quantitative parasite count of donor, 5,000 per cubic millimeter 
Inoculum of 1 cc , 5,000,000 parasites 
Inoculum of 02 cc, 1,000,000 parasites 
Inoculum of 10 cc , 50,000,000 parasites 

The Quantitative Paiasite Count — ^The technic of the quantitative parasite 
count, Boyd’s modification of tliat described by Earle and Perez, ^ may be described 
as follow^s 

1 Materials Required 

(a) Capillary pipets graduated to deliver 5 cu mm of blood 

{b) Glass slides on w^hich are ruled or etched rectangles measuring 3 by 15 mm 

(c) Alicroscope, the ocular of which contains a How'ard disk micrometer The 
surface of the micrometer is ruled wuth one large square, divided into 16 minor 
squares and so calibrated tliat wuth a predetermined tube length the area on a slide 
covered by the large square on the micrometer is knowm 

(d) Diluted Giemsa stain 

2 Method 

(fl) Exactty 5 cu mm of blood is discharged onto the ruled rectangle of the 
slide, care being taken to avoid bubbles With a needle point the blood is carefullj 
spread out to the edges and into tlie corners of the ruled area The film is 
allowed to stand in a hoiizontal position until drj Since 5 cu mm of blood is 
spread out over 45 sq mm , tliere will be spread o^er each square millimeter of the 
rectangle 0 11, or %, cu mm of blood 

(b) The smear is stained wuth Giemsa’s stain, as is anj’’ other thick smear, and 
w'ashed, drained and dried 

2 Supplied by Dr Boyd 

3 Earle, W C , and Perez, M Enumeration of Parasites in the Blood of 
klalanal Patients, J Lab & Clin Med 17 1124, 1932 
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(c) Assuming that the micrometer disk has been calibrated so tliat the large 
square covers an area of 0 01 sq mm on the slide, it will be necessary to count 
the parasites on the stained smear in 100 consecutne and discrete fields to 
estimate the parasites in the blood spread over 1 sq mm The fields should be 
selected as the smear is traicrscd on different paiallel lines fflie total of the 
parasites counted in 100 fields will, w'hen multiplied bj 9, give the number per 
cubic millimeter (fig 1) 

Tabulation of Data — ^This investigation w'as concerned chiefls W'lth the influence 
of methods of inoculation on the duration and seserity of the period of remittent 
fever at the onset of clinical malaria Continuous dajs of remittent fever were 



Fig 1 — Microscopic field (95 magnification objective), showing parasites in a 
thick smear seen through the Howard disk 


calculated from the time of the initial elevation of temperature above 100 F to the 
first normal temperature record prior to the onset of effective paroxysms During 
this period no decrease in temperature below 100 F occurred The first twenty- 
four hours of the period of remittent fever was excluded from the calculation in 
order to make it possible to tabulate no days of remittent fever for those patients 
initiating activity with an immediate paroxysmal cycle Examples of febrile 
courses with different periods of remittent fever are illustrated in figure 2 

Though variation in the technic of the inoculation did not have as significant 
an effect on the subsequent cycle of paroxysms as it did on the period of remittent 
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fever, the percentage of patients in each inoculation group exhibiting tertian 
paroxysms was, nevertheless, lecorded The known influence of the donor’s cycle 
(quotidian or tertian) in pi cdetei mining the subsequent cycle in the recipient was 
in large part canceled by an approximately equal distribution of donors’ cycles 
(24 to 26 per cent tertian) in each group 

Because of the regulant}’’ with which the prepatent and incubation periods are 
related to the parasite dose, vaiying inversely with the total dose administered 
intravenously, m such a series of susceptible patients, the duration of these periods 
was not recorded in this study 



Fig 2 — Febrile courses with various periods of remittent fever Each tem- 
perature graph starts with the day of inoculation A, at the end of each course, 
signifies the institution of quinacrine therapy 1 shows the febrile course follow- 
ing mosquito inoculation (three days of remittent fever) , 2, the course following 
intradermal inoculation (no days of remittent fever), and 3, the course follow- 
ing intravenous inoculation with 100,000,000 parasites (five days of remittent fever) 

RESULTS 

The data summarized m the table indicate the number of patients 
inoculated with each technic, the type of subsequent febrile cycles and 
the percentage of patients, by groups, experiencing peiiods of remittent 
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fever lasting no, one, two, tlnee, foui oi fi\e clays Figures 3 and 4 
show the distiibution curves for these figures Intiadeiinal inoculation 
eliminated the period of remittent fevci in 42 3 pei cent of the patients 
and lesulted m periods of lemittcnt fcvei lasting two days oi less in 789 
per cent This lesult, as compaied with the results of moscpiito inocula- 
tion (8 6 per cent of patients with a period of no days of remittent 
fevei and 37 9 per cent -with two da 3 ^s or less of remittent fe\er) and 


Summajy of Data 


Method of 
Inoculation • 

^o of 
Patients 
Inocu 
luted 

Percent 
age nith 
'lertliin 
Cj cles 


Dl'lrlbuflon of Patlcntb Cvp) bj 
Period (Dajf-) of llriulltent Ictcr 


0 

1 

2 

3 

1 

3 

Intradermal 

20 

57 8 

42 o 

23 1 

11 5 

19 3 

00 

38 

Mosquito 

33 

22 4 

80 

17 2 

12 1 

„2 8 

33 5 

13 8 

Intravenous (1 5 M) 

30 

375 

^3 2 

17 8 

17 8 

17 8 

10 2 

72 

Intravenous (G-25 M) 

29 

310 

13 8 

10 3 

>1 0 

24 1 

1,>8 

70 

Intravenous (2C-150 M) 

30 

2j0 

11 1 

11 1 

2*^ 2 

139 

19 5 

^2 2 

Intravenous (1 M) 

28 

42 9 

33 7 

17 9 

11 3 

11 3 

14 3 

35 

Intrarenoiis (2 5 M) 

2S 

32 1 

10 7 

17 9 

21 4 

21 1 

17 9 

10 7 


* M stands for million', c (, , l.OOO.ot'O 5,000, OCO 



Fig 3 —Distribution curves for the duration of remittent feter with each 
method of inoculation The best results are indicated bv the highest percentage 
of patients experiencing no, one or two days of remittent fever 

In tins figure, the solid line represents intradermal inoculation , the line of dashes, 
mosquito inoculation, the line of dots, intravenous inoculation with 1,000,000 to 

5.000. 000 parasites , the wavy line, intravenous inoculation with 6,000,000 to 25,000,000 
parasites, and the line of dots and dashes , intravenous inoculation with 26,000,000 to 

150.000. 000 parasites 

with those of intravenous inoculation of 26,000,000 to 150,000,000 para- 
sites (11 1 per cent of patients with no days of remittent fever and 
44 4 per cent with remittent fever lasting two days oi less), demon- 





KAPLAN ET AL— PLASMODIUM VIVAX MALARIA THERAPY 71 


strates that the seventy of the initial clinical activity in P vivax malaria 
IS significant!}'' diminished by the employment of intradermal inocula- 
tion However, of 34 patients originally inoculated with this method, 
6 failed to exhibit clinical activity, although they demonstrated clinical 
responses characteiistic of susceptible patients on subsequent intra- 
venous reinoculation with the same strain of P vivax This indicated 
a serious technical failure, resulting probably from the unpredictable 
destruction of paiasites befoie they reached the circulation Therefore, 
although intradermal inoculation most satisfactorily diminishes the 
period of remittent fever, it cannot be recommended as a routine 
procedure because of the high incidence (188 per cent) of unsuccess- 
ful “takes” in susceptible patients For this reason, closer attention 
was directed to the intravenous method of inoculation with total doses 
of less than 5,000,000 parasites 


T 



Fig 4 — ^Distribution curves for the duration of remittent fever \\ith intravenous 
inoculation of low parasite doses The continuous line, closely simulating the 
curve for intradermal inoculation (fig 3), represents the results with the recom- 
mended dose of 1,000,000 parasites 

In this figure, the solid line represents intravenous inoculation with 1,000,000 
parasites, and the broken line, intravenous inoculation with 2,000,000 to 5,000,000 
parasites 

Mosquito inoculation, resulting in remittent fever lasting three days 
or longer in a high percentage of cases (62 1 per cent), has other 
disadvantages which limit its usefulness to hospitals and laboratories 
espeaally equipped for such procedure The necessity for maintenance 
of an insectary and of technicians trained in mosquito dissection and 
application prohibits the adoption of this technic in many institutions 
intimately concerned with the treatment of neurosyphihs The 
increased madence of malaria relapses following the mosquito-mduced 
disease as compared with the incidence following other methods of 
inoculation detracts further from its practicability 
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Intiavenous inoculations ^Mth comparatively small parasite doses 
(1,000,000 to 5,000,000) weie followed by periods of remittent fever 
more severe than the periods of fever after intradermal inoculation 
and less severe than those following mosquito application and intra- 
venous inoculation with hea\^^ parasite doses (26,000,000 to 150,000,000) 
The period of remittent fever was absent in 23 2 per cent and lasted 
two days oi less in 58 8 per cent of patients in this group However, 
a further bieakdown of this inoculation scries into a group receiving 
inoculums of 1,000,000 parasites and another receiving 2,000,000 to 

5.000. 000 parasites elucidates the effect produced by progressive decrease 
in the parasite dose The patients inoculated intravenously with 

1.000. 000 parasites exhibited a distribution curve most closely resem- 
bling the curve for intradermal inoculation, with 35 7 pei cent having 
absence of remittent fe\er and 67 9 per cent expeiiencmg two days or 
less (fig 4) These obsen'ations lead one to suspect that further 
decrease in the intravenous pai asite dose, c g , to 100,000 parasites or 
less, would shorten or eliminate the period of remittent fever in a still 
greater percentage of patients Howe\er, the difficulties encountered 
in injecting doses of less than 1,000,000 parasites intravenously, such 
as dilution methods, and the greater risk of technical failure seem to 
justify the adoption of intravenous administration of the 1,000,000 
parasite dose as the most practicable method of shortening the initial, 
exhausting period of remittent fever of induced malaria 

Although experience with therapeutic malaria has demonstrated 
that the recipient’s febrile cjcle depends to some extent on the donor’s 
previous cycle, an interesting result of varying the technic of inocula- 
tion was observed in this study Teitian cycles were exhibited by 
24 to 26 per cent of donors in each blood inoculation gioup In spite 
of this relatively equal cycle distribution among donors, teitian parox- 
ysms were experienced in the largest number of patients (57 8 per 
cent) in the intradeimal inoculation group and in the smallest number 
of patients (25 per cent) in the intra\enously inoculated group 
(26,000,000 to 150,000,000 parasites) The percentage of patients 
with tertian cycles following intiavenous inoculation varied inversely 
with the parasite dose, with 42 per cent occurring in the group 
receiving the 1,000,000 parasite dose, 32 1 per cent in the gioup receiv- 
ing the 2,000,000 to 5,000,000 parasite dose, 31 pei cent in the group 
receiving the 6,000,000 to 25,000,000 parasite dose and 25 per cent in 
the group receiving the 26,000,000 to 150,000,000 parasite dose These 
data suggest that the better tolerated tertian cycle, like the shortened 
period of remittent fever, is more frequently associated with intradermal 
inoculation and with the intravenous inoculation of 1,000,000 parasites 
than with the other inoculation technics 
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SUMMARY AND CONCLUSIONS 

Elimination of the oidinaiily long period of remittent fever initiat- 
ing the clinical couise of theiapeutic malaiia prevents the eaily 
exhaustion of patients An elaborated investigation of the relationship 
of technics of inoculation to this peiiod of remittent fever has lesulted 
m obseivations of clinical value 

Intradeimal inoculation was followed by the shoitest and least 
severe period of lemittent fever, with 76 9 per cent of patients expeii- 
encing fever for two da)^s or less and 42 3 per cent not at all However, 
the occurrence of IS 8 per cent of unsuccessful ‘'tal<es” as a result 
of technical difficulties makes the loutme use of this method unjustified 

Intravenous inoculations with doses ranging fiom 1,000,000 to 
150,000,000 parasites levealed in susceptible peisons that the higher 
the paiasite dose the longer was the peiiod of lemittent fever in the 
greater percentage of patients The lower the paiasite dose the shorter 
and less severe was the remittent fevei, resembling the lesults following 
mtradermal inoculation 

The intravenous inoculation of 1,000,000 P vivax paiasites, 
detennined by correlating the amount of inoculum with the quantitative 
paiasite count of the donor, is recommended as a standard pioceduie 
in the therapy of neuros 3 ^philis when one is dealing with susceptible 
white patients This technic eliminated the peiiod of remittent fevei 
m 35 7 per cent of patients and shoitened it to two days or less in 67 9 
per cent of patients in this study Similarly, if the paroxysmal cycle 
of the donor is disiegarded, the greatest peicentage of tertian cycles 
after intiavenous inoculation will follow the employment of this 
parasite dose 

Mrs Winifred Eickstaedt, Sgt Ivan G StricWer and Cpl Richard P Roy 
gave secretarial, laborator}'' and statistical aid in the preparation of this paper 



RESISTANCE TO INSULIN IN MENTALLY 
DISTURBED SOLDIERS 


H FREEMAN, M D 

WORCESTER, MASS 

P REVIOUS investigators^ have noted abnormalities in the carbo- 
hydiate metabolism of psychotic persons Their studies ha^e 
concentrated chiefly on the i espouse of the blood sugar to ingested 
dextrose, and haA’^e levealed that there exists a reduction m the dextrose 
tolerance, with resulting diabctic-like levels of blood sugar To determine 
whether this abnormal tiend is due to a dysfunction of the insulinogenic 
mechanisms, Freeman and Braceland investigated the insulin 
tolerance of schizophi enic subjects and found that such patients show 
a less pronounced fall in blood sugai after the administration of insulin 
than do normal subjects 

In order to determine w’hethei resistance to insulin is a characteristic 
feature of the schizophrenic psychosis alone, I made a studj of tins 
function in other mental disorders 

METHOD AND MATERIAL 

The subjects included 93 soldiers discharged from the Arinj for psjchiatnc 
disorders The average age of the patients lay between 20 and 25 Their nutrition 
was on the whole good, the average nutritional index being 98 per cent of the 
ideal (according to standards of the Metropolitan Insurance Companj ) Few were 
grossly overweight or underweight The average stay in the Army before ps>- 
chiatric symptoms appeared was six months Each patient had been confined in 
a mental disease hospital in the military seriice for an average of two months 
before the present study These patients showed manj varieties of psjcliiatric 
symptoms, although in general the clinical status showed less clearly defined and 
more transitory types of disturbance than arc ordinarilj found in the civilian 
population 

The technic of the test was simple After a postabsorptivc period of at least 
fourteen hours, a control sample of blood avas taken, and insulin was then 
administered intravenously in a dose of 0 1 unit per kilogram of body weight 
Subsequent samples of blood were taken at regular thirty minute intervals, ivith 
the patient lying quietly in bed 

From the Memorial Foundation for Neuro-Endoenne Research, and the 
Research Service of the Worcester State Hospital 

1 (a) Freeman, H , Rodnick, E H , Shakow, D , and Lebeaux, T The 
Carbohydrate Tolerance of Mentally Disturbed Soldiers, Psychosom Med 6 311, 
1944 (b) Robinson, G W , Jr , and Shelton, P Incidence and Interpretation of 

Diabetic-Like Dextrose Tolerance Curves in Nervous and Mental Patients, J A 
M A 114 2279 (June 8) 1940 (c) Braceland, F J , Meduna, L J, and Vaichulis, 

J A Delayed Action of Insulin in Schizophrenia, Am J Psychiat 102 108, 1945 
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From the first 29 subjects tested by us the blood was withdrawn over a total 
period of two hours, according to the technic of Fraser, Albright and Smith 2 
Since the reaction in the second hour showed no abnormality, it was decided to 
restrict the study to the first hour ni the rest of the senes The blood was 
analyzed for sugar by the Folin-Wu method (macroalkaline tartrate), with the 
actual reading made with the use of a photoelectric colorimeter 

RESULTS 

The results of the tests on the patients weie coinpaied with our 
own talues foi a senes of 20 normal men (table 1) When the whole 
gioup of patients (93) is consideied, it may be seen that duiing the 
course of the fiist houi the chief diflfeience between the mentally 
distuibed patients and the 1101 mal gioup lay 111 the mean value foi 
the thiit} minute pciiod Foi the patients it was 41 4 mg per hundred 
cubic centimeteis, as compaicd with 29 6 mg foi the normal subjects 
The difference of 11 8 mg betw'een the mean level of the blood sugai 
for the patients and that for the 1101 mal subjects is statistically 

Table 1 — Means of Values for Blood Sugar During the Insulin Tolerance 
Test tn 20 Not mal Men and 93 Mentally Distuibed Soldieis 


Type of Subject 

Normal 

Psychiatric 


Blood Sugar, Mg per 100 Co 


After Insulin 
Fasting , * — 


Number 

Value 

SO Min 

60 Mm 

00 Min 

120 Mm 

20 

S7 1 

20 6 

61 1 

75 3 

79 6 

03 

87 1 

41 4 

65 3 

68 2 * 

7BS* 


' Obiierrations on 20 subjects 


Significant, the piobability of its occurring by chance being less than 
1 in 100 The fasting values and those foi the sixty minute period were 
not particularly dissimilai This lesser degiee of hypoglycemia in the 
patients indicates a resistance to the blood sugar — reducing effect of 
insulin, which is quite similar on the whole to that noted in the chroni- 
cally ill schizophrenic group studied previously,® wFose mean thirty 
minute level was 39 2 mg pei hundred cubic centimeters For 29 of 
the present patient subjects the values for the blood sugar w'^ere followed 
for two hours In these patients it was found that the level of recovery 
was quite similar to that found m the normal subjects, as w^as true 
for tbe cnnlian schizophi enic subjects w^hose illness was prolonged In 

2 Fraser, R , Albright, F, and Smith, P H The Value of the Glucose 
Tolerance Test, the Insulin Tolerance Test and the Glucose-Insulin-Tolerance Test 
in the Diagnosis of Endocnnologic Disorders of Glucose Metabolism, J Clin 
Endocrinol 1 297, 1944 

3 Freeman, H , Looney, J M , Hoskins, R G , and Dyer, C F Results of 
Insulin and Epinephrine Tolerance Tests in Schizophrenic Patients and in Normal 
Subjects, Arch Neurol & Psychiat 49 195 (Feb ) 1943 
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short, then, the outstanding defect in this giouji of patients was a 
failure to show a blood sugai -reducing cflcct, the secondary response, 
or rise in blood sugai, was noimal 
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Frequenc^ distribution*? of \ allies for blood sugar tliirtv minutes after the 
injection of insulin in 20 normal men ( I) md 93 mentalK disturbed men (B) 
M (mean) for the normal subjects was 296 ± 1 64 mg per hundred cubic centi- 
meters, with a standard deiiation of 7 4 mg the mean for the psjchiatric subjects 
w'as 41 4 ±: 1 11 mg per hundred cubic centimeters, w ith a standard dev lation of 
10 7 mg per hundred cubic centimeters 

Not all patients showed this nisuhn-iesistant effect Ihe chart 
show's the distribution of values for the blood sugar for the thirty 
minute period in normal and m psvchiatnc subjects The values for 

Table 2 — Menus oj Blood Suqai J alucs at Potut of Maxtiuuiu H\{>oql\ccum 
(TIurlv Mtuiilc^ After Adintuistratioii of Jusuhu) ju 20 Noniial 
and 93 t^feiitallv Distuibcd 17r« Ch't'ufted Aeeord- 
iug to Dtagnosts Groups 


Tjpe 

Isumlier 

Blood Su^ar, 

Mpr per 100 Cc 

^o^ITlnl 

20 

20 G 

All patients with psychoses 

71 

■n 2 

Schizophrenia 

4"i 

•10 7 

Manic depressive psjchosis 

"l 

43 0 

Undiagnosed type 

0 

41 4 

Other tj pes 

12 

41 S 

Ali nonpsvchotic patients 

22 

42 7 

Psychoneurosis 

32 

44 G 

Psychopathic personahtj 

7 

40 0 

Other disturbances 


41 3 


the normal subjects aie distributed within a nariovv /one between 19 
and 41 mg per hundred cubic centimeteis For the patients, the values 
extend over a much broader range, from 19 to 76 mg per hundred 
cubic centimeters Forty-three of the patients, or 46 per cent, had 
values for the blood sugar that were highei than the maximum reading 
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foi any noimal subject This figuie coiiesponds closely with that 
found in the chionic schizophrenic population (41 per cent) ® 

The patients were classified by diagnostic groups (table 2) based 
on the decisions of the leseaich staft of the hospital The majority 
(71) weie found to be pb 3 'chotic, the pi edominant disease being schiz- 
ophienia Of the 22 nonpsychotic patients the laigei number (12) 
weie consideied to be psychoneuiotic The lowei leactivity to insulin 
was found to occui with appi oximately equal fiequency in all diagnostic 
gioups, so that theie was no appaient relation to the type of mental 
distuibance 

Resistance to exogenous insulin is piesent in patients with schiz- 
ophrenia ^ but is not restricted m psychotic states to that condition 
alone It is a phenomenon widespread throughout all types of mental 
distuibance In this sense it is similar to the fiequent occui lence of 
deci eased dextrose toleiance in peisons who show vanous types of 
ps}chiatiic abnormalities and is piobably i elated to similar physio- 
logic factors, although analysis shows no coi relation between the two 
phenomena in individual subjects It is of interest, also, that resistance 
to insulin was present in these patients, whose illness was of recent 
onset, to as gieat a degiee as in the previous group of schizophrenic 
patients, whose average duration of illness was four yeais 

COMMENT 

The physiologic background for this lesistance to insulin is as 
yet not known The main factois to be consideied aie the functional 
state of the liver and the activity of the endocrine glands Pioduction 
of insulin IS probably adequate — otherwise one would expect abnormal 
fasting values It may be delayed, as Braceland, Meduna and Vaichulis 
have shown because of the presence of anti-insulin factors Of these 
factors, it does not seem likely that adi enomedullary activity is at 
fault because (a) the response to hypoglycemia (which calls forth 
sympathicomimetic substances) is essentially normal, and (b) the 
response of the blood sugar to injected epinephrine is less in schizophrenic 
patients than in normal persons ^ Logically, therefore, one would not 
expect that in psychiatric subjects its anti -insulin effect would be greater 

Resistance to insulin is found in patients with clinical hyperpitui- 
tarism, hyperadrenalism and hypothyroidism ® Our patients ® were 
characterized by low metabolic rates, a fact which, among others, 
suggests that the role of the thyroid may be an important one Investi- 
gation IS going on with respect to the other glands 

The effect of insulin resistance m psychiatric disturbances is as 
yet obscure One cannot predicate from this investigation that the 

4 Braceland and associates Freeman and associates ® 

5 Hoskins, R G , and Freeman, H Unpublished data 
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relative efficacy of endogenously produced insulin is lessened, but the 
assumption would be valid, both from the lesults of the piesent study 
and the observation of a decreased devtiose toleiance Ii the final 
analysis, it would mean that glucose is not pioperly utih/ed, and from 
this point of view piolonged dysfunction may be a factor eithci in 
the activation oi in the perpetuation of a mental disturbance, since 
the cential neivous system is dependent on caibohjdiate alone for its 
metabolic needs 

SUMMARY 

A study of the sensitivity of the blood sugai response to injected 
insulin 111 a senes of 20 normal men and ul 93 mentall) disturbed 
soldieis revealed that the mean maximum lc\el of hypoglycemia (in 
thirty minutes) was 29 6 mg pei hundicd cubic centimeters in the 
formei and 41 4 mg pei hundred cubic centimeters in the latter This 
difference in reactivit}^ was statistical!) significant Foity-six per cent 
of the patients showed a less inonounccd drop in blood sugar than 
any of the normal subjects The secondaiv use in blood sugar following 
the hypoglycemia was the same in the two gioups This resistiveness 
to insulin w'as noted with all clinical types of mental disturbance and 
is piobably indicative of a coincidental change in the icactnity of the 
endocrine factois conti oiling the legulation of blood sugai 

CONCLUSION 

Acute episodes of mental disturbance, niespective of diagnostic 
type, aie chaiacteii/ed by lesistance to the hypoglycemic effect of 
injected insulin 

Worcester State Hospital 



HISTOPATHOLOGIC CHANGES IN CEREBRAL MALARIA AND 
THEIR RELATION TO PSYCHOTIC SEQUELS 


SILVANO ARIETI, MD 

NEW YORK 

W ORLD War II has again confened outstanding impoitance on 
the pioblem of malaria This illness, ivhich more than any other 
was responsible for casualties in World War I. has played a tremendous 
lole in the second conflict as well (Wales The neuropsychiatric 
complications of malaria are more common than aie generally known 
and have been recognized since ancient times Malarial psychoses were 
known even to Hippocrates and Galen Chavigny,- Porot and Gutmann,® 
Hesnard * and othei s made extensive studies of the malarial psychoses 
and proposed various classifications of them Pasmanik,® who studied 
more than 5,000 cases of malaiia, noted mental disorders m 2 pei cent 
of them Forrester," who studied this problem during the first world 
war, stated that malaria was the mam cause of insanity among the 
Macedonian troops In a monograph published in 1927, Anderson ^ 
dealt in detail with malarial psychoses and neuroses, paying special 

From the Department of Neuropathology of the New York State Psychiatric 
Institute and Hospital 

This study was aided by a grant from the American Foundation for Tropical 
Medicine 

Dr Hans Meth, of Quito, Ecuador, provided tlie anatomic material, the 
clinical record and the necropsy reports of cases 1 and 2, and Dr Erwin Klein, 
of Guayaquil, Ecuador, provided the material and record on case 3 These physicians 
regret that, on account of the limited facilities available in the district where the 
patients resided, the laboratory work-up could not be as thorough as was desired 
1 Wales, H G Q Malaria and War in the Pacific, Hygeia 21 102 (Feb ) 

1943 

2 Chavigny Complications nerveuses et mentales du paludisme, Encephale 
1 387-391, 1912 

3 Porot, A , and Gutmann, R A Les psychoses du paludisme, Pans med 
22 518-522 (Dec 29) 1917, 27 241-248 (March 30) 1918 

4 Hesnard Les psychoses palustres prolonguees, Cong d med alienistes et 
de neurol de France, Tunis, April 1912, Paludisme et, psychoses constitutionelles, 
Arch de med et pharm , November 1922 , cited by Anderson " 

5 Pasmanik, D Ueber Malariapsychosen, Wien med Wchnschr 47 518-519 
(March 20) 1897 

6 Fori ester, A T W Malaria and Insanity, Lancet 1 16-17 (Jan 3) 1920 
7 Anderson, W K Malarial Psychoses and Neuroses Their Medical, Socio- 
logical and Legal Aspects, London, Oxford Universitj' Press, 1927 
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attention to the clinical and medicolegal aspects of the pioblcm In this 
countiy clinical lepoits weie made by Masson'^ and Tiirnei Bull 
and Pellicano described a leveisible oiganic psjchosis in a case of 
malignant malaiia in which the patient made a quick rccovei\ with the 
early admimstiation of cpimacrme Indiochloi ide (atabime) 

Neuropathologic investigations of cerebral malaria ba\e also been 
earned out m conspicuous numbers Classic is the work of Cerletti,” 
w'ho paid special attention to the \ascular chcUiges Bignami and 
Kazan studied the punctiform hemorrhages fiequently found in 
cases of cerebral malaria and interpreted tbeni as due to diajiedesis from 
collateral vessels Durck ’ ' described nodules m the brain which he 
called “malaria granulomata ’ Marchiafa\ a'" classified the alteiations 
in the central nervous s}stem as mtra\ascular, \ascular and extra- 
vasculai Rigclon and Fletcher ’ studied the lesions occurring in the 
brain of a child wdio died m the acute stage of infection w'lth Plasmodium 
falciparum and in the brains of monkeys chicks and ducks inlected with 
malaria They found the lesions to be similar in human and in experi- 
mental cases and interpreted them as due to anoxemia Several other 
studies, dealing w'lth special aspects of this neuropathologic pioblem, 
have been carried out 

The purpose of this iin estigation is to reexamine this timeh subject 
with the assistance of more modern neurohistologic methods, not used 
in previous researches Fuithermore, an attempt wnll be made ’o 
interpret the relation of these pathologic changes to the psychotic mani- 
festations wdiich at times complicate this illness 

8 Masson, C B Effect of Malaria on tlic Ncr%ous System witli Special 
Reference to Malarial Psjehoses, Am J if Sc 168 334-371 (Sept ) 1924 

9 Turner, C C The Neurologic and Psjchntric Manifestations of Malaria, 
South M J 29 578-586 (June) 1936 

10 Brill, N Q, and Pellicano, V L Estivoautumnal Malaria with Frontal 
Lobe Syndrome, JAMA 121 1150-1152 (April 3) 1943 

11 Cerletti, U Die histopathologischen Veranderungen der Hirnrmde bei 
Malaria Perniciosa, in Nissl, F , and Alzheimer, A Histologische und histo- 
pathologische A^rbeiten uber die Grosshirnrinde, Jena, Gustav Fischer, 1910, vol 4 
pp 169-266 

12 Bignami, A , and Nazari, A Sulle encefahti emorragiche e sulla pato- 
genesi delle emorragie mihariche del cer\ello, Riv sper di freniat 42 109-130, 1916 

13 Durck, H Ueber die mit herdformigen Gliaproduktionen einhergehenden 
Erkrankungen des Zentralnervensystems, Arch f Schiffs- u Tropen-Hyg (supp ) 
29 43-76, 1925 

14 Marchiafava, E Pernicious Malaria, Am J Hyg 13 1-56 (Jan ) 1931 

15 Rigdon, R H, and Fletcher, D E Lesions m the Brain Associated with 
Malaria Pathologic Study on Man and on Experimental Animals, Arch Neurol 
&. Psychiat 53 191-198 (March) 1945 
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MATERIAL AND METHODS 

Three cases of cerebral malaria due to P falciparum were studied One hemi- 
sphere of the brain m each of cases 1 and 3 was fixed m solution of formaldehyde 
U S P (1 10) and the other hemisphere m 80 per cent alcohol The brain m 
case 2 was entirely fixed m solution of formaldehyde U S P 

A'licroscopic investigations were carried out with the following histologic 
methods hematoxylin and eosin, for general study, the technics of NissI for nerve 
cells, of Giemsa for parasites, of Bodian for neurofibrils, of Ramon y Cajal 
(Globus-Penfield modification) for astrocytes, of del Rio Hortega and Stern 
(Weil-Davenport modification) for microglia, of Weigert for elastic tissue and 
ot Spielmeyer and Wed for myelin sheaths, sudan III, for fat, the Mallory 
and Van Gieson stain for connective tissue, and the Turnbull stain for iron In 
addition, the following recently devised methods were used the Eros stain for 
vascular pattern and the Tomlinson and Grocott stain for malarial parasites 
Neumann’s modification of the NissI method for material fixed m solution of 
formaldehyde U S P was used in case 2 

Sections stained with the Eros method for the vascular pattern were particu- 
larly useful because they permitted the study of the punctiform hemorrhages m 
the three spatial dimensions and allowed a differentiation of the erythrocytes, 
which appeared red, and the malarial pigment, which appeared black No such 
differentiation would have been possible with the Pickworth benzidine method 
The Tomlinson and Grocott method was successful m only a few sections Many 
sections were treated with ammonium sulfide for removal of the malarial pigment, 
as suggested by Tomlinson and Grocott, but were later stained with ordinary 
methods 

In preparation of the material m case 1, frozen sections, 120 to 200 microns 
thick, were cut, dehydrated and mounted m balsam without being stained With 
these preparations it was possible to study the distribution of the malarial pig- 
ment, which was of natural color Inasmuch as the pigment was almost com- 
pletely contained within the vessels, the course of the latter was well outlined 
Thus, the angioarchitecture m this case could be studied m these sections 

For sake of brevity, only cases 1 and 2 will be reported here m detail Case 3 
was essentially similar to case 2, except that the lesions were less pronounced 

REPORT OF CASES 

Case 1 — Clinical Siuniiiaiy — The patient was found unconscious on a road 
which leads to the Ecuadorian region of the Amazon River, where malaria is 
endemic He was a man apparently 20 to 22 years of age, of mixed white and 
Indian blood, but predominantly Indian He was immediately taken to the hospital 
Eugenio Espejo, of Quito, Ecuador, where he arrived at 11 p m On admission, 
he was in a state of coma, from which he never aroused The skin and the scleras 
were yellowish The liver was enlarged, its lower border extending 4 cm below 

16 Eros, G Method for Fuchsm Staining of the Network of Cerebral Blood 
Vessels, Arch Path 31 205-219 (March) 1941 

17 Tomlinson, W J , and Grocott, R G A Simple Method of Staining 
Malaria Protozoa and Other Parasites in Paraffin Sections, Am J Clin Patli 
14 316-326 (June) 1944 

18 Neumann, AT A A Rapid Method for the Differentiation of Nerve Cells 
in Old Formalin Fixed Material, J Neuropath 5^ Exper Neurol 1 348-350 
(luH) 1942 
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the costal margin The spleen could not be palpated Smear's of blood revealed 
trophozoites of the P falciparum type The patient died the following morning 
at ‘3 a m Unfortunately, no relative came to the hospital or could be reached by 
mail, so that no anamnestic data are available However, on account of the con- 
dition in which the patient was found, it was felt that the illness had had an 
acute course 

Ncoopsy — Autopsy was performed eleven hours after death The bases of the 
lungs were congested and edematous The liver was enlarged and friable The cut 
surface appeared yellowish The myocardium was flabby and yellow The spleen 
was shghtlj' enlarged The kidneys were congested The brain presented external 
hydrocephalus and diffuse edema When the cerebral hemispheres were cut in 
transverse sections, numerous tiny hemorrhagic spots were noted 

Mic) oscopic Exaitnuahou of the Biaiu — The histologic features presented by 
this case may be divided into four categories changes involving (1) the blood 
vessels and their content and changes affecting (2) the nerve cells, (3) the gha 
and (4) the myelin sheaths 

The first category of changes was by far the most pronounced Thick, unstained 
sections showed a tremendous amount of malarial pigment Since this pigment 
was almost exclusivel}'^ contained within the blood vessels,, it beautifully outlined 
the whole cerebral and cerebellar angioaichitecture, which appeared in these 
unstained sections almost as distinctly as m sections prepared with stains specific 
foi the vascular pattern or with injection methods (fig 1) When the same sec- 
tions were examined at higher magnification (fig 1C), it was noted that the dots 
of pigment were almost uniformly diffused in the capillaries However, at certain 
points the black dots appeared particularly condensed as though they would form 
small plugs This Avas observed especially where branches were given off or 
where the vessels made a sharp curvature In some areas it was also possible to 
recognize the presence of small hemorrhages, which appeared as gray areas sur- 
rounding capillaries (fig 1 B) These graj' areas consisted of accumulated pig- 
ment, disclosing thus that even parasitized red cells could be extravasated into 
the nerve tissue 

In Eros sections it was possible to distinguish the two chief contents of the 
vessels, namely, the dots of pigment, which appeared black, and the eiythrocytes, 
which stained red Inasmuch as the malarial condition had caused an anemic state 
and the red cells weie decreased in numbei and partially dehemoglobinized, the 
vessels did not appear as intensely red as in sections prepared from normal brains 
The same sections disclosed the increased tortuosity of the vessels in the peri- 
vascular space and the presence of a large number of small hemorrhages These 


Explanation of Platl 

Fig 1 (case 1) — Photomicrographs from unstained frozen sections, 120 to 200 
microns thick The malarial pigment, Avhich is contained in the vessels, outlines 
the vascular pattern 

A (low magnification), cerebellar angioarchitecture B (low magnification), 
section from a cerebral area, showing the difference m the vascular pattern in the 
cortex (upper part of the picture) and in the white matter (low'er part) In the 
white matter it is possible to recognize a small hemoirhagic area, represented by a 
group of extravasated dots of pigment C, section from a cortical area (medium 
magnification), revealing that the coloration is due to the granules of malarial pig- 
ment contained in the capillaries 
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litmorrhages wcie pai ticularl> mimeious in tlic sulicortical wliitc matter (fig 2), 
but occasionallj' thej were tneountered in tlic coitex itself In tbe cerebellum 
they were bj far nioic frequent in the molecular lajer of the cortex The cortical 
hemorrhages were generally ill defined and consisted of red cells e\tra\asatcd b> 
diapedesis (fig 3) In the white matter the hemorrhagic areas were gcneralK 



Fig 2 (case 1) — Small hemorihages in the subcortical white matter The 
upper part of the picture (a) shows the vascularization of the cortex, the lower 
part (b) that of the w'hite matter Eros method, low' magnification 


roundish In the center of manv of them one could obser\e a capillare plugged 
W'lth dots of pigment (fig 4 A and B) These dots obviously caused occlusion 
of many capillaries In some instances the dots of pigment appeared so numerous 
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at the point of occlusion as to cause an enlargement and distention of the capillary 
(fig 4 A) In several instances the extravasated red cells surrounded closely the 
occluded vessel and were in immediate contact with its wall (fig 4 A) Oftener 
it was possible to distinguish around the capillaries a clearer central area, which 
contained fewer red cells, and a concentric peripheral area, wdiere the red cells 
and the black dots w'ere more numerous (fig 4B) In still other cases the clearer 
area w'as almost entirely deprived of blood cells, which were located in the peripheral 
area (fig 4C and fig 8 A) Since Eros sections visualized the capillaries in the 
three spatial dimensions, it was possible to rule out the possibility that the extrav- 
asated cells w'ere coming from collateral capillaries surrounding the hemorrhagic 



Fig 3 (case 1) — Diapedesis from cortical capillaries The dots of pigment 
may be distinguished from the red cells, which are less intensely and less dis- 
tinctly stained Eros method , low magnification 


area I could convince myself that in almost all instances the red cells had extrav- 
asated from the occluded central capillary, either above or below' the point of 
occlusion No occlusion of medium or large vessels was seen m this case The 
Eros stain revealed that in the larger vessels of the meninges and of the brain the 
dots of pigment (and therefore the parasites) w'ere located onh' at the peripher}' of 
the lumen, close to the vascular w'all 

Sections prepared with other methods confirmed the striking involvement of 
the vascular system observed in Eros preparations Sections stained with hema- 
toxylin and eosin and with the Nissl method and examined with low magnifi- 
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cation reteaicd a notable increase in blood etssels Sucli an increase in blood 
vessels, ho\\c\er, might probablj be more apparent than real, since the blood 
vessels vere better c\idenced on account of their engorgement and the productnc 
changes in their walls The increase in blood \essels was also noted in the white 
matter, m addition to the hemorrhages already described and to perivascular 
necrotic foci, to be described later The mcdium-sircd eessels appeared more 
tortuous than usual and occasionallj rotated on their is.is, so that the secondarj 
branches were twisted The new formation of pockets of \esscls, as described b> 
Cerletti, could easily be detected in seetions stained with the \fallorj aniline blue 
method One could see bundles of newh formeil capillaries within a single peri- 
vascular space (fig SB) On e\animation with a high power lens the scssels 
show'ed interesting features both in their walls and in their lumen The capillaries 
disclosed conspicuous proliferation of the endothelial cells In the \cssels m which 
the different coats w'crc distmguishahlc both mtiinal and adsentitial cells appeared 
stimulated to proliferation b> the malarial infection J he new-formed endothelial 
cells of both meningeal and cerebral \esscls were often seen projecting into the 
lumen Often the\ were seen in the act of detaching or as alreadj detached 
from the wall and entering <he free circulation Parasites were occasionallj seen 
attached to the endothelial cells but ne\er ingested b\ them The adsentitial cells 
presented changes iinolvmg the nucleus more than the cjtoplasm The nuclei 
were enlarged and rich in chromatin often thej were elongated or a\al \t tunes 
the chromatin was gathered at the periphers of the niieleus m a ringlikc 
distribution 

The majority of the red cells of the cerebral sessels apjKared to be parasitized 
(fig ad), as rescaled bj the fact that thej contained a dot ot pigment at one 
extremity of the citoplasm Parasites were generillv obscured b\ the pigment 
and could not be seen Howes er, a few sections, prepared with the romhnson- 
Grocott method, showed a few clear trophozoites Other seetions, stained with 
heniatONshn and cosiii, after the pigment hid been dissoKed with ammonium 
sulfide, also showed some clear trophozoites Iloweeer, since each mass of pig- 
ment stands for a parasite, the graeitj of the infection could be casih eeahiatcd 
m this case few schizonts and crescents were also seen Monocjtcs were 
likewise numerous m all sections examined and showed a great aflinitj for basic 
stains, no matter what method was used The large meningeal ecsscls eontamed 
a larger number of parasitized monocetes hut bj far a smillcr number of infected 
erythroce tes 

The cortical architecture was as a rule well presersed The ncr\c cells 
presented diffuse changes Main of them presented unduh well \isiinlized 
processes The most frequentlj encountered alterations consisted of transitional 
stages in the direction of the ischemic tipc of degeneration or of clcarciit isehemic 
changes (fig 6) The acute swelling of Nissl could be studied well m the motor 
area, especially m Betz cells located near capillaries full of parasites (fig 7 A 
and C) These cells presented sw'dling of the cytoplasm and dissolution of Nissl 
bodies Some cells exhibited swelling, central chromatoljsis and dislocation of the 
nucleus, indicating a process of retrograde degeneration (fig 7 B) Severe types 
of degeneration and pvknotic changes were not encountered The cellular altera- 
tions described w'ere accompanied with a mild increase in satelhtosis 

Changes in the glia and the myelin sheaths w'crc noted in connection with 
small necrotizing foci, especially in the subcortical wdiitc matter These foci sur- 
rounded capillaries and appeared to coincide in their distribution, extension and 
architecture with areas in which small hemorrhages had presumably taken place 




Fig 4 (case 1 ) — Coloi photomicrographs (Eros method, high magnification) 
A, small hemorrhage, in the center of Avhich is a capillary, loaded with parasites 
At the point of occlusion the large amount of pigment distends the capillary B, 
small hemorrhage crossed bv a capillar^' occluded Avith a plug of malarial pigment 
The point of occlusion is centrally located and is clearl}"^ Ausible In the central 
area rarefaction of the red cells has begun C, tAA'o small hemorrhages, m the 
central area of AA'hich the red cells have almost entirely disappeared 
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In the center of them it was generally possible to lecognize a capillary loaded 
wnth parasites (fig 8 5) The capillary w'as suriounded by an area of dem>e- 
lination, as re\ealed by the Spielmeyei and Weil stain A concentric peripheral 
aica was also observed, in which at times red celK, but moie often glia nuclei, 
were gathcied WHicn these gha nuclei were piesent, formations similar to granu- 



Fig 5 (case 1) —A, cerebral vessel loaded wuth malarial parasites and pigment 
Notice also the enlarged perivascular space Giemsa stain, medium magnification 
B , pocket of newly formed capillaries wuthin a single perivascular space Mallorj 
stain , high magnification 
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loinas ^\erc observed (fig 8C) The white matter appeared altered, not onU on 
account of the presence of these pscudogranulomas, m \arjing stages of formation, 
hut also because the tissue was extremely edematous and loose 

Stains specific foi glia did not rc\eal changes in addition to those described in 
1 elation to the pseudogranulomas Sections stained with prussian blue did not 
disclose an abnormal amount of iron 

No hemorrhages, demyelinatmg areas or pscudogramilonns were noted in the 
brain stem or m the three upper cersieal segments, which were the onlv pirt of 
the spinal coid a\ailahlc for stiidi 

C\si 2 — CUnxeal S’liiiniinrv — G M , a 6 >ear old orphan child, of mixed white 
and Indian blood, was taken to the Milagro Hospital In his neighbors Ihej hid 



Fig 6 (case 1) — Ischemic ebanges m ncnc cells Nissl stain, medium inasni- 
fication 

found him m con\ulsions and lying on the giound m a street of the town 'Ibev 
stated that for several clays prior to his admission the child had had fcicr and 
had undergone convulsive seizures 

The patient entered the hospital on May 2, 1942 at 2 30 p m On admission he 
was noted to be in a state of malnutrition and presented a racbitic rosarj He was 
unconscious His temperature was 40 6 C (105 1 F ) Examination of the lungs 
revealed rales m the upper and middle poition The abdomen was tvmpamtic The 
spleen could be palpated 5 cm below the costal margin and was hard in consistency 
The liver also could be palpated 2 5 cm below' the costal margin The tendon 
reflexes w’ere increased The Babinski sign was elicited on both sides but not 
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Fig 7 (case 1) — 4, Betz cell, surrounded bj' a capillary loaded with paiasites 
Notice the dissolution of tigroid substance in the endoplasm of the nerie cell B 
Betz cells, show'ing retrograde ' (axonal) degeneration The nucleus is dis- 
placed, and the tigroid substance is dissolved in the center of the cell but preserved 
at the peripherj’^ Notice also the large number of parasites in the neighboring 
capillaries C, ganglion cell of the motor area, showing acute swelling Nissl 
stain, high magnification 
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Figure 8 

(See legend on opposite page) 
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consistently The patient underwent convulsive seizures approximately every thirty 
minutes, without acquiring consciousness in the intervals Examination of the blood 
could not be made The child died at 4 30 p m on the day of admission 

Ncoopsy — Autopsy was performed one and a ha,lf hours after death The bases 
of the lungs and the abdominal organs were congested The liver and the spleen 
were considerably enlarged The spleen was dark and of hard consistency, and 
its capsule was distended When the skull was opened external hydrocephalus 
was noted The leptomenmges were slightly clouded Tlie meningeal and the 
cerebial blood vessels were dilated and congested 

Mici oscopic Exainmation of the Biatn — The histologic alterations in this case 
were by far less pronounced than in the previous one Neveitheless, it was pos- 
sible to recognize in every section studied diffuse and conspicuous involvement of 
the blood vessels The capillaries were increased in number, both m the white 
and in the gray matter Pockets of new-formed capillaiies were often obseived, 
especially m sections prepared with the Malloij’^ aniline blue method All the 
vessels appeared dilated and congested Man 3 '^ of them were tortuous and were 
sui rounded by an enlarged perivascular space In almost all capillaries the pres- 
ence of parasites, with their granules of pigment, was noted However, the para- 
sites were by far less numerous than in the previous case, so that in thick, 
unstained sections, prepared as previously described, the vascularization could not 
be visualized The endothelial changes were similar to those in the previous case 
and in many regions w'ere even more pronounced Both meningeal and cerebral 
vessels exhibited conspicuous proliferation of endothelial cells, wdiich became 
detached from the intima and entered the free circulation (fig 9 A end B) The 
adventitial cells also showed conspicuous stimulation They were increased in size 
and presented a large and hyperchromatic nucleus No hemorrhages w'eie noted 
111 this case Sections stained wuth the Eros method disclosed clots of nonpara- 
sitized red cells wnthin the capillaries (fig 10) It seemed as though the erythio- 
cytes w^ould easily agglutinate within the vessels There w'as no extravasation of 
cells, however, around these clots or damage of the myehn sheaths, though the 
blood suppl)’" was diminished, as revealed by the fact that the surioundmg vessels 
appeared slightly less impregnated wuth the Eros stain 

The cortical architecture w'as w'ell preserved throughout The nerve cells 
exhibited diffuse changes Many of them presented disintegration of Nissl bodies 
and unduly Avell visualized and tortuous processes In many instances typical 
ischemic changes were observed 

Glial reaction w^as evident throughout Both the gray and the w'hite matter 
exhibited an increase m glia nuclei Such increase, how'ever, was particularly 
evident around the capillaries of the wdiite matter (fig 11 A) Enlarged nuclei 


Explanation of Plate 

Fig 8 (case 1) — Formation of a pseudogranuloma (A) In a small subcortical 
hemorrhage, the red cells have almost completely disappeared from the center of 
the area (onlj^ a few are left m radial positions) but are still numerous at the 
periphery Mallory stain, medium magnification (B) The red cells have dis- 
appeared from the peripheral area also This area appears edematous and of loose 
consistency and show's proliferation of glia cells Note also a central capillarj 
loaded wuth parasites Giemsa stain, medium magnification (C) The pseudo- 
granuloma IS now' almost formed At the center one sees in cross section a capillary 
loaded w'lth parasites A necrotic central area is surrounded by a peripheral 
cuffing consisting predominantly of glia cells Nissl stain, medium magnification 



92 


4RlIin LS or N EURO LOO) INI) PS) CHI UR} 


and aineboid dements were fiecinently encnuntcied, especiallj in tlie sixth lajei 
of the cortex and in the subeortie d white matter Cajal sections showed hjptr- 
plasia and hjpertrophj of tlic astroe\tes A sniRle astrocvtc exliiliited at times 



Fig 9 (case 2) — Sections stained with hematoxelin and cosm 

A, (low’ magnification), meningeal arterj, showing pronounced desciuamation 
of endothelial cells from the intima 

B, (high magnification), detail from A Here, ad indicates adventitia, »i> 
media, i, intima, with w'ell defferentiated elastica, end endothelnl cells becoming 
detached from the intima and entering the free circuhtion, and bl, clotted blood 
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seveial vasculai feet, which reached various capillaries (fig \ \ B) No pseudo- 
granulomas or areas of demyelination were noted in the white matter 

COMMENT 

The punctifoim hemorihages, as described in case 1, and the histo- 
logic processes which they subsequently undergo are peihaps the 
outstanding featuies of ceiebial malaiia The dependence of these 
hemoirhagic areas on the vasculai pattern could be easily established 
in case 1 In fact, they weie found almost exclusively in the moleculai 
layei of the cerebellum and m the white mattei of the biam, especially 
m the subcortical areas Pfeifei,^® Cobb and otheis, who have studied 



Fig 10 (case 2) — Clumping of red cells m cortical capillaries Note a few 
granules of malax lal pigment in several vessels 

the angioarchitecture of the neiAmus system with injection methods, 
haA^e lepoited that the vascularization of -the molecular layer of the 
ceiebellum is much poorer than that of the granular layer and that 
the same is tiue of the A^asculai ization of the cerebral uhite mattci 
as-compaied with that of the gray mattei When a blood vessel of a 

19 Pfeifer, R A Die Angioarclntektonic der Grosshirmnde, Berlin, Julius 
Spnngei, 1928 

20 Cobb, S The Cciebrospinal Blood Vessels, m Penfield, V C}'tolog/ 
and Cellular Pathologv of the Nerxous System, New York, Paul B Hoeber, Inc, 
1932, vol 2 
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poorly supplied aiea is occluded, collateial circulation cannot always 
be established Theiefoie the casculai walls neai the jioint of occlusion 
may undeigo changes which will pciniit diapedesis. and the tissue 
sujiplied by the occluded vessel may undergo degeneratne changes 



Fig 11 (case 2) — A, increased luimbcr of glia nuclei around a blood vessel 
Hematoxylin and eosin, medium magnification B, hypertropin and hyperplasia 
of macroglia cells Astrocytes send expansions to more than one vessel Cajal 
stain (Globus modification) , medium magnification 
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In case 1, as well as m others repoited in the literature, the hemorrhagic 
lesions were pi edommantl}^ observed in poorly supplied regions, which 
weie near the point of transition into iichly supplied areas The 
occlusions mentioned were due to plugs of granules of pigment, 
parasitized erythrocytes and newly formed endothelial cells These 
plugs acted as real emboli and determined embolic lesions The puncti- 
foim hemorrhages were generally seen around occluded capillaries In 
a few instances complete occlusion could not be found, but the quantity 
of pigment was probably sufficient to slow the circulation and to produce 
alteiations of the vascular walls to such a degiee as to permit 
diapedesis The hemoi rhages consisted of a roundish cuffing of extrava- 
sated red cells In sections stained with the Eros method and in 
thick, unstained sections it was possible to recognize that several of 
the extravasated red cells contained gianules of pigment and vere 
therefore paiasitized This is important because Bignami and Nazari 
claimed that paiasitized led cells never extravasate, presumably because 
their motility is impaired 

The hemorrhages were of two types The first type consisted or 
red cells, which surrounded closely the capillaiy In the second hpe 
the capillaiy was surrounded by a pale area m which no, or very few 
red cells were present Sections stained with the Spielmeyer and Weil 
method disclosed that the pale area was undergoing demyelination 
I have observed all gradations between the fiist and the second t}'pe 
of hemorrhages, and I am under the impression that the second type 
I'epresents a more advanced stage The red cells start to undeigo 
larefaction in the demyelmating area, from which they finally disappear, 
and are left only in the peripheral area I feel that the red cells in 
the central area disintegrate gradually because in a subsequent stage 
they disappear also from the peripheral area and are replaced with gha 
cells When these glia cells gather in the peripheral area, one sees 
those features which Durck called malarial granulomas These foci 
consist of a central blood vessel surrounded by a demyelmating area, 
which is, in turn, surrounded by an area of gliosis From the foregoing 
description it is obvious that these lesions are the result of the hemoi - 
rhages and that the glial pi oliferation is a leparative reaction to the 
local damage No inflammatory changes are noted It seems mcoirect. 
therefore, to call these nodules granulomas, as it would be to designate 
the so-called Lichtheim plaque of pernicious anemia as a granuloma 
However, if one wishes to emphasize the apparent similarity of these 
nodules to granulomas, one might call them “malarial pseudogranu- 
lomas ” 

Bignami and Nazari and others mam tamed that the hemorrhagic 
lesions are small infarcts and that the hemorrhagic red cells have 
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eMiavtOsated fioni collalcial cajiillajics, loLatccl in the Mcinil) of the 
occluded ^ebscl Such is, in icaliU the iinpicssion winch one gets in 
stnd}ing sections [nepaied w th the usual methods llowcnei, if one 
uses thick sections which peimit \isu.ih/ation of the capillaiies in the 
thiec spatial dimensions one easih iccogm/es that the extravasated 
led cells do not come fiom neighhormg capillaiies hut come onh fioin 
the central \cssel piocess of diaiicdcsis occuis ahoxe and helou the 
] oint of occlusion oi partial occlusion I he ah'-ciuc of red cells in the 
lialc aiea sui rounding the capillai} i^ explained h) the tact that the 
crythroc 3 tes ha\e disappeared in this area which is undergoing dem}e- 
hnation and at tunes neciosis Often the occluded \cssel has a toituous 
couise within the necrotic focus, so that one nun leccne the impicssion 
that another capillaiy is undergoing a process of diapcdesis In a few 
instances sec oral ncighhoiing capillaiies piescnted diapcdcsis because 
the)' cceic all occluded Xo occlusion of jnccapillai les oi of mechuin 
or large cesscls was ohsciced 

These peiicasculai lesions caused In einhohc plugs icmincl one of 
the expel imental and othei jiathologic studies earned out In Putnam 
and his school in an attcinjit to explain the pathogenic mechanism of 
multiple scleiosis 1 he lesions desenhed m the picscnt leport 
unclouhtedh demonstrate that plugs ckc hiding ca])illaries mac c.uise 
deinyehnating aicas and to a ceitain extent corroboiatc Putnam’s thcoic 
The fact that the lesions occui prcdominanllc in the subcortical white 
matter is also a chaiactcnstic common to main cases of multiple 
scleiosis and mac indicate that in the lattci disease also the location 
of the lesions is determined be the casculai ])attcin These clemyelin- 
ating aieas hoccecer difici in the tcco conditions inasmuch as jieiicas- 
culai infiltiations of 1} ngdiocc tes, cchich are often lound in cases of 
multiple scleiosis and cc'hich mac be consideied as the exincssion of an 
allergic (Feiiato") oi an inflammatoic reaction, aic absent in cciebral 
malaiia In addition the peiicasculai pathologic piocess in malaria 
more often than in multiple scleiosis goes bccond a state of demyehiiation 
to complete focal neciosis cvith little glial lepaiatice leaction Fiuthei- 

21 Putnam, T J McKenna, J B, and Moirison, L R Studies in Multiple 
Sclerosis I The Histogenesis of Experimental Sclerotic Placpies and J heir Rela- 
tion to Alultiple Sclerosis, J A M A 97 1591-1 ‘596 (Noc 28) 1911 Putnam, 
T J The Pathogenesis of jMultiple Sclerosis V Possible Vascular Factor, New 
England J Med 209 786-790 (Oct 19) 1933 Lesions of “Eiiceplnlomjclitis” and 
Alultiple Sclerosis A'enous Thrombosis as the Primary Alteration, JAMA 
108 1477-1480 (Alav 1) 1937 Hoefer, P FA, Putnam, T J, and Giaj', M G 
Experimental “Encephalitis’ Pioduced bj Intravenous Injection of Various Coagu- 
lants, Arch Neurol & Psjchiat 39 799-812 (April) 1938 

22 Ferraro, A Pathology of Demyehnating Diseases as an Allergic Reaction 
of the Brain, Arch Neurol &. Psc'chiat 52 443-483 (Dec ) 1944 
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moie, in leviewing the hteiatuie on malaiia, one is stiuck with the 
lelative scaicily of pathologic lepoits on the spinal coicl This may 
be due, however, to the fact that seiial studies of the spinal cord have 
never, to my knowledge, been earned out m cases of malaiia Small 
foci along the long tracts of the spinal coid may give use to obvious 
clinical symptoms and yet may lemain unnoticed if serial sections aie 
not made As a mattei of fact, many authors have reported climcall)' 
the occuirence m the couise of malaria of syndiomes lesemblmg 
multiple scleiosis (Torti and Angelmi,--* Canellis,-^ Ti lantaphyllides,-'^ 
Papastrategakis,-" and Parrot"") In the Ameiican hteratuie, Spiller 
reported 1 such case, both fiom a clinical and a pathologic point of 
view All the foregoing obseivations seem to indicate that embolic 
plugs, similar to those encountered in ceiebial malaria, may constitute 
a factoi in the mechanism of multiple sclerosis 

In case 2 no actual thiombi oi emboli weie obseived Howevei, 
El os sections levealed many intravascular dumpings of nonpaiasitized 
led cells (fig 10) Some capillaries were filled with cylindets of 
tightly packed cells Kmsely and associates observed the same 
phenomenon m cinematographic studies on monkeys infected with Plas- 
modium knowlesi These plugs, or dumpings, weie probably causer' 
by the mci eased viscosity of the red cells, lepoited to occur m the 
course of malaria by numeious authors, and piesumably did not ariest 
the ciicLilation In fact, no hemorrhages, neciotic foci or pseudogian- 
ulomas were noticed m this case These dumpings of led cells 
however, may cause a transitoiy state of ischemia, which, m tuin, may 

23 Torti, A , and Angel ini, A Infezione malanca cronica coi sintomi della 
sclerosi a placche, Rifoima med 12 817-825 (June) 1891 

24 Canelhs, S Etude sur un cas de sclerose en plaques disseminees a la suite 
d’une intoxication pai le miasme paludeen, Gaz hebd de med 24 554-555 (Aug 
26) 1887 

25 Triantaphyllides Pseudo-sclerose en plaques d’origine palustre, Arch de 
neurol 26 232-234 (Sept) 1893 

26 Papastrategakis, C , cited Anderson 

27 Parrot, L M Note sur un cas de sclerose en plaques d’oiigine paludeenne, 
Rev de med et d’hyg trop 6 98-101, 1909 

28 Spillcr, W G A Case of Malaria Presenting the S}miptoms of Dissemi- 
nated Sclerosis, with Necropsy, Am J M Sc 120 629-647 (Dec ) 1900 

29 This problem will be discussed more thoroughly in fui ther conti ibutions, 
in which the neuropathology of malignant malaria will be studied as an aid to 
explain the pathogenic mechanisms of other neurologic conditions of possiiilc 
vascular origin 

30 Kmseljq M H , Stratman-Thomas, W K, and Eliot, T S Obsenations 
on Circulating Blood in the Small Vessels of Internal Organs in Lning Macacus 
Rhesus Infected with Malarial Parasites, abstracted, Anat Rec (supp) 79 90 
(March) 1941 
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be one of the factors lesponsible for the ischemic changes in the neive 
cells 

No special consicleiation will be given in this iinestigation to the 
nature of the malarial pigment The reader is icferred to the studies 
of Moiiison and Anderson “ It will be mentioned only that, m 
agieemcnt wnth the observations of these authois. it seems fiom tlie 
present investigation that m the ncivous system too, the pigment is a 
morbid agent not beeause of its chemical {luahties but because of its 
mecbamcal eftect inasmuch as it causes Aascular occlusions or siow'ing 
of the circulation 

Mesodermal changes w'eie piesent in maiked degree in all cases, 
thus disclosing that they arc an important leaturc of eerebial malaria 
11 respective of the intensit) of the illness The ad\cntitial cells of the 
meningeal and cerebral \essels were cnlaiged the nuclei were rich in 
chromatin and had an increased aflinit\ for basic stains 1 lie endothe- 
lium lining the lumen of the vessels was also conspieuousl> stimulated 
The endothelial cells were seen to be desquamating m l.irge quantit\ and 
entering the liee cii dilation This phenomenon was observed not 
exclusnely in capillaries, as leported by Bructsch, - but also in large 
vessels Man) authois have attrihutcd phagoc}tic actnitics to these 
endothelial cells (Baikei Gaskell and Millar,®' Sejfarth,’’® Thomson 
and Annecke,'" Torrioli.®') On the other hand. fafTe reported that 

31 Morrison, D B and Anderson, W A D The PiRnunt of the kfalana 
Parasite, Pub Health Rep 57 90-94 (Jan 16) 1942, On tin. Role of Parasite 
Pigment in the Malaria Paro\^ sm, ibid 57 161-174 (Jan 30) 1942 Anderson, W 
A D Morrison, D B, and Williams E E, Jr P.ithologic Changes Follow ing 
Injections of rerriheniatc fHcmatin) in Dogs Arch Path 33 589-602 (Mas) 
1942 Anderson W A D , and Morrison, D B Role of Parasite Pigniciit 
(Fernhemic \cid) in the Production of Lesions in Malaria, ihid 33 677-686 
(Ma>) 1942 

32 Bruetsch, W L The Histopathologs of Therapeutic (Tertian) Malaria 
Am J Psychiat 12 19-65 (July) 1932 Actuation of the Mcsenchjmc with 
Therapeutic Malaria, J Ner\ S. Ment Dis 76 209-219 (Sept ) 1932 

33 Barker, L F A Study of Some Fatal Cases of Malaria, Johns Hopkins 
Hosp Rep 5 219-277, 1895 

34 Gaskell, J F , and Millar, W L Malignant Malaria in Macedonia, Quart 
J Med 13 387-426 (Julj) 1920 

35 Seyfarth, C Die klalaria, m Henke, F , and Luharsch, O Handbuch 
der speziellen pathologischen Anatomie und Histologie, Berlin, Julius Springer, 
1926, vol 1, pp 178-248 

36 Thomson, J G , and Annecke, S Observations on the Pathologj' of the 
Central Nervous Svstem in Malignant Tertian Malaria, with Remarks on Certain 
Clinical Phenomena, J Trop Med 29 343-346 (Oct 15) 1926 

37 Tornoli, M La fagocitosi nella malaria, Riv di malariol 10 321-347 
(May-June) 1931 
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gianules of pigment aie attached to, but not mcoipoiated endothelial 
cells Tahafeiro and Mulligan/'' in a particulaily thorough study of 
the brains of ihesus monke}s dm mg the teiminal stage of infection with 
P knowlesi, obseived that phagocytosis by vasculai endothelial cells 
was negligible as compaied with that occuiiing in the spleen, livei and 
bone maiiow In this study, which was limited to the biam, I also 
observed that phagocytosis by endothelial cells was practically absent 
The few instances m which it seemed to have occuiied were equivocal 
These obseivations, though not establishing a phagocytic action, do not 
dispiove that these desquamated cells have a defensive action It will 
be lecalled here that Biuetsch attiibuted to this endothelial desquama- 
tion the theiapeutic action of malaiia in dementia paialytica He 
expiessed the belief that the tiemendous stimulation ot endothelial cells 
hist increases and subsequently decreases the peimeabilit) ot the cerebial 
capillaiies 

The neive cells presented with special fiequency thiec tsjies of 
changes The most common consisted of giadual alteiations in the 
diiection of the ischemic type of change They vere obvioiisl} due to 
the ischemia pioduced b}^ the vasculai occlusions and to the secondary 
anemia Second m fiequency was the acute swelling of Nissl Third 
Avas the retiogiade cell change', possibl}'- due to interruption ot the 
axons in the white niattei This last change was obseived only in 
case 1, which was the only one in iiiy senes to piesent necrotic foci 

In case 2, glial hypei trophy and hypeiplasia weie conspicuous and 
widespread Ameboid elements weie frequently observed in the sixth 
layer of the cortex and m the subcortical white mattei As already 
desciibed by Duick,^^ conspicuous gatheiing of glia with nuclei was 
observed along the course of capilai les These glial nuclei often formed a 
cuffing in a one cell layer foi a long tiact of the vessel The changes of 
the glia desciibed were by no means specific but might be interpreted 
in this case as a leaction to a deficient blood supply The edema 
obseived to a striking degree in all 3 brains must also leceive particular 
attention 

If noiv one leconsideis the changes already desciibed it is possible 
to draw some general conclusions Fust, however, it must be recalled 
that the 3 cases studied in this investigation presumably repiesented 
an acute type of malaiia If the course in these cases had l>een longer, 

38 Jaffe, R H The Reticulo-Endothehal System Its Role in Pathologic 
Conditions in Man, Arch Path 4 45-91 (July) 1927, cited by Taliaferro and 
Alulhgan "*9 

39 Taliaferro, W H, and Mulligan, H W The Histopathologj" of Malaria 
with Special Reference to the Function and Origin of the Macrophages in Defence, 
Indian Medical Research Memoirs, no 29, Calcutta, Thacker, Spink & Co , 1937, 
pp 1-138 
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additional altcialions ^\ould undouliledh ha\c been obscivcd Some 
of the altciatioiib heic dcseiibed seem to be icxeisible and compatible 
\Mth clinical ieco\ei} following dibaiipcaiance of the jiarasitcs and ol 
the Aasciilai blockages Othei alterations, on the contian, especial!} 
some of those desciibed m case 1, appeal iiicxeisiblc and ina} c\i)lain 
w'b} ewen aftci a clinical reco\ci\, the patient ina} lein.nn “a changed 
man” (W’llson "’) One may also state that though malaiia is due 
to a ininoi paiasitic infection the histologic reaction in the brain is not 
inllammatory '1 he infection does icspccl as a lule the hcin.itocnccphalic 
hauler The compaiativel} few parasites which are c\tia\asated into 
the nene tissue piompth peiish '1 he m,ijorit\ of the e\tra\asculai 
lesions arc caused by plnsical mechanisms (\asculai occlusion and 
slowing down of the circulation) 

Of couise, not all the lesions ha\c to he attiihutcd to these mecha- 
nisms Two othei impoitant factors pla\ loles whitli cannot he o\er- 
looked first, the intermittent Inpcrthcrmic state, and second, the 
catabolic substances produced in the course of the illness In experi- 
mental h}peithermia m fact, both p.iiciichMnatous and interstitial 
changes haie been found (Hassin ”) \cute cell disease of Niss! has 
been described in labbits m which the tempciatuie was raised to -14 C 
(1112 F) In cases ot Inpcithcimia of longer duration Inperemia 
of blood \essels, swelling of endothelial cells and hemoirhagc's wcie 
also obsened b} Omoiokow *• Though m malaria the tcmiiciatuic 
does not use o\ei 107 F the Inpeithcimic state ma\ ha\c j)la\cd a 
secondai} lole in the pathologic jiioccss m m\ lascs More difficult is 
It to determine the lole plated In the catabolic substances (Jinorokinv 
said It w'as possible that the lesions obsei\cd in liis e\])ci inient.il cases 
might ha\e been iiioduced In the catabofic ch.mgcs icsiilting from the 
hyperthermia 

What IS the coi relation between the ceiebi.il changes dcsciibed 
and the psychotic sendiomes which sometimes complicate malaria or 
follow this illness cecn aftei apjiarcnt recoeert ’ 4 he hteiatuie on 
the ps}chotic complications of malaiia is difficult to lexiew on account 
of the diflfeient teimmologies used m the vaiious countiies wheie the 
investigations weie made Howcxei, it seems to me that the most 
common psychotic conditions which have been desciibed ma} be 
classified undei four heads (1) acute dehiiums, (2) paianoid smi- 

40 Wilson, S A K Ncurologj, edited bj A N Bruce, Baltimore, Williams 
& Wilkins Company, 1940, vol 1 

41 Hassin, G B Histopatbologv of the Peripheral and Cential Ner\ous Sjs- 
tenis, Baltimore, William Wood &. Company, 1933 

42 Omorokow, L Ueber den Einfluss holier Temperatiiren auf das Zcntral- 
nervensjstem das Kamnehens, in Nissl, F, and Alzheimer, \ Histologische und 
histopathologischen Arbeiten uber die Grosshirnnnde, Jena, Gustai Fischer, 1913- 
1914, vol 6, pp 1-32 , cited by Hassin •'i 
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diomes. (3) t}pical ps}choses, such as schizophienia and maiiic- 
depiessue psychoses, and (4) oiganic conditions 

The acute deliiiums include conditions which have been designated 
])y Andeison as “confusional psychoses” and which may terminate 
111 “malaiial coma ” These dehiiums aie fundamentally similai to all 
the toxic-infective dehiiums They aie distinguished, however, by 
then gieatei seveiit), by the moie marked state of amnesia which 
the}’^ cause and by then fiequent teimination m a state of coma Othei 
diffeiential chaiacteiistics aie (1) peiiodicity of the symptoms in 
accordance iMth the febiile cycles and the sporulation of parasites, (2) 
possible epileptifoim convulsions and othei neuiologic symptoms, and, 
finally (3) a tendency to fall into a state of agitated melancholia 

The cases leported in this aiticle do not offer many clinical details 
foi study, but their histologic alteiations may help to explain the 
symptoms in othei cases These cases, especially case 1, leveal that 
the malarial delnium should not be inteipieted meiely as a complica- 
tion of a general illness, similai to the othei oigamc-infective ckhiiums 
Its seventy may be attributed diiectly to the pathologic process m 
the brain, even if it is not as maiked oi as acute as that in case 1 
(edema of the hi am tissue, diminished blood supply, complete anemia 
of ceitain aieas) The iriitation of the nerve cells caused by neighboiing 
plugs of pigment or by the paiasites may explain the spasms, the 
convulsions and other neuiologic &}mptoms In this connection, it 
IS woith while to mention that Meth obseived a tiemendous numbei 
of epileptic patients m the malaiial distiicts of Ecuadoi Though he 
could not confiim his impiession by a laige numbei of examinations 
of the blood, he is inclined to believe that the epilepsy in these cases 
IS due to chionic or to subacute malaiial infections 

The second type of malarial psychoses consists of paianoid states, 
oi what Audeison' called “delusional psychoses” They include con- 
ditions which m the official classification adopted by the American 
Psychiatiic Association aie teimed paranoid conditions and the paranoid 
type of dementia piecox HoweA^er, m cases of this type slight 
sensoiial changes may coexist Andeison stated that in most 
such cases the psychosis started with a state of confusion but that as 
“the confusion abated, a delusional state emeiged and dominated the 
pS3'^chic field The dominant feature Avas the persistence of 

delusions, often of peisecutory type” Ferraio and associates,"^’ in a 
study of the cerebial changes occuriing AA'ith pernicious anemia, repoited 
that minoi diffuse ceiebial changes may piecipitate paranoid leactions 

43 Aleth, H Personal communication to the author 

44 Ferraro, A , Arieti, S , and English, W H Cerebral Changes in the 
Course of Pernicious Anemia and Their Relationship to Psa'cIuc SA'inptoms 
J Neuropath S: Exper Neurol 4 217-239 (Julj ) 1945 
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The ceiebuil changes i)icsuniahl} do not L.inse these ])aianoid sjndrnmcs 
but piobablv prccipilalc them or sensili/c the ])atient to them This 
occins not only ^\lth peinicious anemia Inil \\ith other oig.inic condi- 
tions, such as eail\ aitciioscleiosis I he clianges deseiihed in cases of 
peinicious anemia hacc a \aguc lesemhlance to those accompaining 
cciehial malaiia \ssociated with both conditions aie altcialions of 
ncnc cells leading to the ischemic t\pc, numerous sm.ill aieas of 
dennelination piohfeiations of the ca]iillar\ endothchum .nid occasional 
iinghke hcmoiihages 

1 he impoitancc of malaiia m pscclioses of the thud l\pc is jirc- 
sumabh that of a piccipitating t.ictor .ictiiig on pci sons whose capacil\ 
of icsistancc is gieatly diminished '1 he jiicp>,\chotic pcr'ionahtc niav 
detcimine the schi/ophicnic or the csclotlumic maiiifc“'tations of the 
ps\ chosis 

The fouith class of ps\ chose-' consists of oiganic mental sindromes. 
often accompanied w itli focal signs, sueh as ajiliasia and motoi disorders 
\s Huddlcson ' lepoiled, these condition^ h.i\e no specific charactci- 
istics and aic indistinguishahlc lioni the “]is\choses due to distiiib.ince ol 
circulation” such as ccicbial embolism, and aitcriosclerosis The 
pathologic lesions dcsciibcd in cases of pernicious malaria (embolisiii 
hemorrhages, neciotic toci) ma} well c\j>lain the conditions included 
unclei this heading 

In adchlion to these four niajoi t\pcs of ])s\chiatiic conditions main 
aiithois ha\c lepoitcd the occuiicncc of ps\choi)athic or criminal 
behaMor in patients sufrciing fiom malaiia e\en altei aiipaient icccncry 
Some iialicnts presented psychopathic bcha\ior accomp.mied with 
ps} cholic sMiiploms Mcohohsm (Maiaiidon dc Mont} cl ^'), homicide 
(Andeison," Dow den '• Aicangclo incendiaiism (Hct/ ''') and mo- 
lence and destuictncncss (Caulamatis ") ha^e been repoited as occin- 
iing suddenly not only dm mg the fcbiilc attacks but also as a seejuel to 
malaiia These conditions icmind one of "the cxplosnc diathesis’ 
desciibed aftci head tiauma As a matter of fact, the whole classifica- 
tion of malaiial psychoses pioposcd in this lepoit is somehow smiilai 
to the classification of post-traumatic psychoses pi oposed b} Adolf 

45 Huddlcson, J H Note on Psjchoscs and Psichoncuroscs witli Malaria, 
M Bull Vet Admin 21 1-4 (Jul> ) 1944 

46 Marandon dc Montjcl, E Contribution <i I’ctudc cliniquc dcs rapports dc 
I’lmpaludisine et dc ralcoolisnie, Ann mcd-ps\cliol 18 353-394, 1893 

47 Dowden, cited by Anderson " 

48 Arcangelo, S Un caso di mortc violcnta in indiMduo nnlarico Con alcunc 
riflessioni sulla malaria, Coiniso, October 1899 

49 Betz, W Malaria als oorzak van krankzinnigbeid, Gencesk tijdscbr v 
Nederl -Indie 31 430, 1911 

50 Cardamatis, J Study of Paludisme, Athens, Ltrin, 1909 
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Meyer This author included with tiaumatic psychoses a group of 
post-traumatic deliriums, a second group consisting of psychoses due to 
a tiaumatic defect and another gioup of psychoses in which trauma is 
merely a contributing factor One of the most impoitant diflferences is 
that paranoid and paranoiac developments seem to be much moie fre- 
quent ^vlth malaiia 

The correlation between the psychic sequels and the pathologic 
process of cerebral malaria has been given special consideration in the 
present study, in view of its renewed interest in World Wai II The 
evidence would lead one to conclude that whenever a veteian returning 
from a malarial district shows psychotic or psychopathic manifestations 
the possibility of malaiia as the etiologic factor should be investigated 

SUMMARY 

Three cases of ceiebial malaiia due to infection with P falciparum 
were studied In case 1, in which the most pronounced changes were 
piesented the infection was so intense that the malarial pigment 
contained in the blood vessels made the whole angioarchitectuie visible 
in thick, unstained sections In this case also, numerous small henioi- 
rhages were particularly frequent in the subcortical white matter and 
m the molecular layei of the cerebellar cortex The hemorrhage- 
occurred where the circulation was slowed down on account of the latge 
quantity of pigment oi where emboli, consisting chiefly of pigment and 
parasites endothelial cells and clotted red cells, had completely occluned 
the vessels 

The red blood cells appealed to extiavasate by a process of diapedcsis 
from a vessel located at the center of the hemorrhagic area They soon 
disappeared from the center of the hemorrhagic area, giving the false 
impression that they came from neighboring, collateral capillaiies 
Subsequently, the red cells disappeaied completely, and demyelination 
occurred in the same area At the same time, peripheral proliferation 
of gha took place Thus nodules were formed, which did not present 
inflammatoiy chaiactenstics and should not be called giaiiulomas, as 
at times they erroneously have been In case 1 axonal degeneration of 
ganglion cells was also shown Other changes, common to all the cases, 
vere pi oliferation and desquamation of vascular endothelium, acute 
swelling of and ischemic changes in nerve cells and hypertrophy and 
hyperplasia of the gha cells 

Though the state of h 3 ^perthermia and the toxicosis were considered 
responsible foi some of the changes, the severest pathologic changes 
were attributed to the mechanical action of the pigment and of the emboli - 

51 Meyer, A The Anatomical Facts and Clinical Varieties of Traumatic 
Insanity, Am J Insan 60 373-441, 1903-1904 
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A re\ie\\ ol the liteiaUnc re\ealccl that ps) cholic conditioni) occuinng 
dining 01 aftei malana niai he dnidcd in foin t\])Cs (1) acute deln- 
lums (2) paianoid sindiomes, H) tjpical ps}choses and (4) oiganic 
detect s}ndionies Ps}chopathic beliavioi, with or without ps}chosis 
IS also common 

The histologic changes associated with ceichial malana are consideied 
at times the direct cause of and at othci tunes onh ]irccipitating factois 
m the mental sindiomes 

It IS suggested that when a letcran returning fmm a malarial district 
show's ps> cholic 01 psichopatlnc simptoms the possihilitv of a malarial 
oiigin should alwais be miestigatcd 

1107 Park A\cnue (28) 
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Anatomy and Embryology 

Tin Effect or RinocTioN in Nombprs of Ommatiuia upon xiin Brain of 

Drosophila Mflanogastur Maxwi'll E Power, J Exper Zool 94 33 

(Oct) 1943 

Three stocks of Drosophila w'ere established wild type, different combinations 
of Bar alleles and eyeless-2, which possessed numbers of facets in seven deci easing 
steps (full eye to total absence of ommatidia) The brains w'ere studied with 
silver and gold impiegnation methods 

The chief chai actei istic related to reduction in numbers of ommatidia is 
hypoplasia of the optic glomeruli w'lth the elimination of certain histologic traits 
of the wnld type The neurologic effects aie localized wntliin the optic lobes 

The diffeientiation and volume of the optic glomeruli aie directly correlated 
wuth eye size 

Total absence of ommatidia is associated wnth a reduction of 100 pei cent of 
the external glomerulus, 85 4 per cent of the middle glomerulus, 58 7 per cent of 
the anterior inner glomerulus and 57 1 per cent of the posterior inner glomerulus 

The extent of glomerular hypoplasia depends on the percentage composition 
of the ingrow'ing fibers w'liich have been eliminated 

The volume of the glomeruli is coi related only w’lth the facet number of the 
adjacent side The ommatidia-glomerulus relationship is autonomous on each side 

When no fibrillar attachment is established betw'een ommatidia and the brain 
the optic glomeiuli are histologically and volumetncally like those of completely 
eyeless flies 

The data indicate that the hypoplasia of the glomeruli is not a primar 3 '^ action 
of tlie genetic factors but is a secondary result of the mgrow'th of a smaller 
number of centripetal fibeis from the genetically reduced peripheral field 

Reid, Boston 

An Iron-Alum-Hematoxvlin Staining Method ior Myelinated Fibers 
W T Niemer, j Neuropath & Exper Neurol 3 419 (Oct) 1944 

Niemei describes an iron alum-hematoxylm method for staining myelinated 
fibers This method can be used on very old formaldehyde-fixed material and 
even on old material originally fixed in anticipation of using the Weigert method 
A list of reagents (ferric alum, hematoxylin, ammonium hydroxide, sodium bor- 
ate [borax] and potassium ferricyanide) and the procedure are described 

In sections from non-bichromate-fixed material the gray matter stains light 
tan to yellow and the white fiber pathways deep blue to black In sections from 
bichromate-fixed material the gray matter stains light gray to tan and the white 
matter deep blue In both kinds of material color values make the method particu- 
larlj-^ desirable for photography 

Microscopically, neuron cell bodies are stained yellow, with black nuclei, and 
led blood cells are stained black The stain differentiates fine and coarse myelin 
sheaths and fibei bundles cut in slightly different planes 

Guttman, Philadelphia 
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Tiir Makchi Ri \ciio\ Its Usf on 1'ko7in Sictions am> Its Timt Limit 
P Gins, Brain 6G 229, 1943 

Glees describes a modification of Swank and Daeenports inctliod of Marclii 
staining Tissues are fixed in solution of forinaldcindc L S P (14) up to 
fortj -eight hours waslied in 1 per cent potassium ciiloride foi ten minutes and 
then stained m Marclii solution for about ten dajs Pro/eii scetions are tlien cut 
and mav be counterstamed witli toluidine blue or Iiglit green \ccording to Glees, 
preparations treated as lie describes show rlcirle tlie degenerated filler tracts and 
pscudo-MarcIii granules arc rare 

Glees points out the hek of iiniformitN of opinion regarding the optmiuni time 
for stud\ with the Marchi method after the production ot a lesion In rabbits 
and cats he helicees the optimum time to be at least three weeks With regard 
to the length of time m which positiee st lining can be obtained after the produc- 
tion of n lesion, Glees found tune inteieals as great as one jear for cats and 
rabbits The author points out the need for eire in interpreting the Marchi reac- 
tion in animals subjected to two ablations I'oksthi, Philadelphia 

Physiology and Biochemistry 

On thi QuANTiTATnr Ixciiunci or Cakiionic \xH\i)RA«r is Tiir Cpstkal 
N nnobs Sistim W \smn, I Biol Chem 155 0/1, 1944 

In a preiious paper data were presented indic iting tint in scien spceics of 

animals studied including man, the carbonic anhjdrasc content of the spinal cord 

was approximatelj half that of the cerebrum The data further indK.itcd tint this 

was not due to am differences m the relatiee .nnounts of the gri\ and the white 

matter in the samples chosen or to the en/\nie accounted for b\ blood content 

The hypothesis was advanced that the greater enrjme eontent was assoeiated with 

quantitatne metabolic difTcrcnccs between the two areas whieh would plaj a part 

m establishing their respcctnc functional leeels It was suggested that the enreme 

w'as cither in the neurons or m cells iceessorv to them .md that it was cither 

produced in situ or absorbed from the blood corpuscles, whieh contain it in large 

amounts In the latter c\cnt, differences m content perhajis due to differences in 

circulators actnits would represent a result of function but might, in turn, modifs 

metabolism differcntialK Carbonic anindrase is found in the central nersous 

system of \arious species of animals m patterns which tend to be peculiar to the 

species Carbonic anindrase content has been found to inercasc progressnclv 

rostrallj The en/\mc is found in the white matter in some instances in greater 

amount in the white matter than in the gras It is possible tint it functioiis moie 

specifically ssitli reference to the nerse fiber „ i i 

Psm, Cles eland 

The Effect or Inofsted Choi ini ox thi leiiNOsia of Piasma Phosfhoi ifids 
H D ERiFniAxnrR, I L Chaikoh and C Extix’max, f Biol Chem 158 
231, 1945 

With the use of labeled iihosphorus (P '-) it was shossn that ingested choline 
speeds up the rate of phospholipid turnoscr in the hser Betaine had a similar 
action, but its effect svas less pronounced than that of choline As a result of 
these, and other, observations it ss’as pointed out m 1939 that phospholipid synthesis 
by the hser is an important mtermcdiarj step m the rcmosal and deposition of 
fat in the liver The effect of choline on the renessal of phospholipid phosphorus 
in the plasma svas studied in dogs fed a high fat, low protein diet Radioactise 
phosphorus svas used as the labeling agent A single feeding of 300 mg of choline 
chloride per kilogram of bodj ss'eight accelerated phospholipid turnoser in plasma 
Choline increased the rate of change in the specific grasity of phospholipid phos- 
phorus of plasma during the early inters'als after the administration of radioactive 
phosphorus The maximum values found for the specific activity of phospholipid 
phosphorus of plasma svere higher in dogs fed choline than in those not fed choline 

Page, Cleveland 
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Intracentral and Pluiphiral Factors in the Dipierentiation or Motor 
Niurons in Transplantid Lumro-S vcral Spinal Cords of Chick 
Embr\os Elmir D Bleklr, J E^pei Zoo! 93 99 (June) 1943 


Unilateral e\tn pations of limb pnmoidia and transplantations of the luinbo- 
sacial segments of the spinal coid of 52 to 68 hour chick embryos were made in 
order to analyze the lole of peripheral fields and of longitudinal fiber tracts m the 
quantitatne diffei entiation of motor neurons m the spinal cord 

After limb extirpations hjpoplasta of motor neurons representing a reduction 
of 75 to 90 per cent occurs Tins reduction is even greater m limbless transplants 
A lumbosacral plexus is not formed on the limbless side in transplantation or 
extirpation experiments 

In several transplants with one well dc\ eloped limb attached the number of 
motor neurons was normal on the hmb-mncrvating side 

The results, a giowth reduction of 50 per cent in spinal ganglia in the absence 
of limbs, correspond with the observations of Detwiler and of Hamburger 

The shortening of segments of the spinal cord during development is associated 
with fusion of ganglia or their approximation Segments are frequently resorbed 
from the ends of transplants, and the remaining segments are often incomplete 
The motor neurons arc affected most serioush, and the median parts ait involved 
less seriousl} than the sensory column 

Dorsal sensor} areas of the gray matter and dorsal and ventral roots aie 
reduced by the removal of limbs 


The author concludes that the development of the lateral motor column of the 
spinal cord depends on the presence of a developing limb and the pelvic giidle 
How'Cver, connections with descending fiber tracts are not essential for tbe de^elop- 


ment of the lateral motor column of the spinal cord 


Reid, Boston 


Experimental Head Injlr\ w'ith Special REFERENcr to the Mechanical 

Factors in Acote Trauiua E S Glrdjian and J E Webster, Surg , 
Gynec & Obst 76 623 (May) 1943 

In the experience of Gurdjian and Webster, the physiologic effects of head 
injury seemed generally to have been correlated with the intensity of the injury 
and the pathologic changes produced in the brain To verify this impression, 
experiments w^ere undertaken wuth the dog as the test animal Morphine anes- 
thesia wMs used, and the striking force was applied directly to the paneto-occipital 
bone, the scalp and the masseter muscle having been reflected from the bone 
The state of consciousness was determined by the animal’s response to pressure 
applied to the tail and paw^s 

The experiments w'ere divided into three groups (1) 30 experiments m wdiich 
dogs w'ere injured by a falling w'^eight or a hammer blow striking the fixed head, 
(2) 70 experiments in which the nonfixed head w'as struck, the hammer, a pen- 
dulum and a spring device being used as the injuring force, in about an equal 
number of experiments, and (3) 38 experiments wuth injuries of a penetrating 
type, including gunshot w^ounds 

Three levels of physiologic response w^ere seen 1 Minimal tolerance to the 
injury, with no significant changes in the blood pressure, respiration or reflexes 
all the animals survived 2 Moderate cessation of respirations or interruption in 
corneal and palpebral reflexes All these animals lost consciousness, but most of 
them were able to survive the injury 3 Profound death of the animal during the 
acute experiment A remarkable, temporary rise in blood pressure w'lth tachy- 
cardia was characteristic 

The skull was practically always fractured, this being necessary for even a 
moderate effect It w'as not possible to produce profound physiologic effects 
without pathologic damage to the brain, and only in a few instances w'as uncon- 
^lousness produced without associated gross pathologic damage to the brain 
Physiologic responses w’ere proportional to the degree of pathologic damage 
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rnlahtit'; occurred onh if severe (.crtbral damage liad been produced Conscious- 
ness was gcncrilh depressed in animals siiowing niininial response, lost for 
lirolonged periods in animals show mg a modcrite rcsiionsc and lost until death 
in animals showing a profound response Loss of the palpebral and corneal 
reflexes reiircscnted a more profound response to injurs than did uneonscious- 
iicss A remarkable rise in blood pressure was usiialh observed after injurj in 
animals showing moderate and profound responses being jironipt .ind as high is 
300 mm of mcicurj The nia\imum rise was maintained for sixts to one hundred 
and sixts seconds in the group with moderate responses and for one hundred and 
eights seconds in the group with profound responses and gradu dlj lell to zero 
at the death of the animal T iclncardia alwass aceonipamcd this iihenoineiion 
The rise in blood pressure failed to oeciir if the skull ind brain were partieularly 
crushed bj the injurj or if the spinal cord was trmsected it the first thor.icic 
le\cl Reinosal of hoth adrenal gl inds failed to jiresent the rise in blood jiressure, 
but johimbinircd animals which did not respond to epinephrine showed no 
increase in the blood jiressure after profound injurs The hlood floss was decreased 
in the spleen and increased in the hindiiass a response sshich further emplnsircd 
the role of the ssmpathctic nersous ss'stein in this post-trauniatie tspe of hsper- 
tcnsion 

There ssas no significant rise in spmal fluid pressure after closed injurs to the 
head The amount of blood in the siniial fluid w is usualls coninuiisurate ssith 
the intensits of the head injurs Supratentorial gunshot ssoiinds ssere noted to 
gise intcnselj increased intracranial pressure at the instant of injurs This ssas 
indicated bs extension of the eercbellum through a suboccipit.il craniectoms open- 
ing A gunshot injurs S cm beloss the medulla with transection ot the cord, 
resulted in contusions of the cerebral cortex 

Penetrating gunshot injuries of the brain resulted in .acute [ilissiologic e/Tects, 
similar to those sshich were noted ssith the other forms of trauma 

In these experiments a selocitv range of from 13 to 40 feet (4 to 12 meters) 
per second ss’as deseloped When the head ssas allossed to inose, higher selocitics 
ssere recpiired to cause a gisen injurs than sshen the head was fixed The acute 
effects of a blow to the head are proportional to the rate of ehangc of the 
momentum of the striking force The effects of a cranial trauma arc due to a 
number of factors, sshich include (1) a sudden increase in the intracranial pressure 
at the instant of injurj', (2) mass mosements of the brain and (3) a diffuse cellular 
disturbance, due to transmitted energs ssith no lecompansmg mcicase m intra- 
cranial pressure SiirxKix, Philadelphia 

Studies in Dentes ation' J Douit and Associates T Xeurol & Psjchiat 
6 94 (July-Oct ) 1943 

Methods — Doupe and his co-ssorkers carried out a number of ms cstigations 
on patients ssath lesions of the peripheral nerscs The methods used consisted m 
measuring the peripheral circulation bj means of recording cutaneous temperatures 
of the finger pads, supplemented in some instances by iilcthysniographic records 
of the digits Various measures to inodifj the circulation, such as local effects 
of moderate to extreme cold or heat and injections of epinephrine, ssere used 

The Ctrculalioii m Deuen’oted Dibits — Ins cstigations ssere carried out to test 
the sahdity of the hypothesis of Less is and Pickering that ss mpathectomized 
limbs stay ssarm ssdiile denervated digits become cold Obsersations ss'cre made 
on subjects ssath preganglionic and ganglionic sympathectomies and on subjects 
ssath lesions of peripheral nerves Doupe concluded that, contrarj to the results 
of Lesvis and Pickering, the digital vascular reactions are similar m the tsvo 
groups of patients The cause of the usuallj' diminished circulation m denervated 
digits IS sensitization to cold produced by degeneration of the ssmpathetic fibers 
This sensitization is nride the more manifest by the action of circulating epinephrine. 
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by the action of vasomotor fibers still supplying the hmb and by variations in 
local and general blood pressure Part of the difference in the state of denervated 
and ganghonectomized digits may be ascribed to the persistence in the latter of 
some postganglionic fibers The reactive hyperemia which has been observed m 
denervated digits is m part mediated by arteriovenous anastomoses, is not 
dependent on any neural mechanism, is greatly slowed by a high sympathetic 
vasoconstrictor tone and is not affected by the vasoconstriction caused by cooling 
the denervated digit Denervated blood vessels appear to be histologically normal 
There is no correlation between Raynaud’s syndrome and sensitivity associated 
with denervation In the former condition there is no hypersensitivity to epi- 
nephrine In the latter there is no history suggestive of vasospasms, the cyanosis 
is slight and there is a ready response to reactive hyperemia Thus, with lesions 
of peripheral nerves the blood flow is adequate to the needs of the tissue, while 
with Raynaud’s syndrome ischemia occurs The trophic changes in denervated 
digits are attributed to the lowered tissue metabolism consequent on the per- 
sistent coldness, since the blood supply is adequate The sensitivity to cold m 
denervated digits may be explained on the basis of changes in hydrogen ion 
concentration, since a fall of temperature would directly raise the pn and produce 
vasoconstriction, or decrease the formation of acid metabolites and thus indirectly 
lead to elevation of the pn and vasoconstriction The regain of tone following 
denervation is ascribed to the action of local influences on sensitized vessels A 
circulating vasoconstrictor substance in the blood maj’’ only be assumed- m the 
case of systemic disorders 

InflammaUon and Ttophic Ulccts in Denervated Aicas — Slow healing of 
trophic ulcers, produced by burns or pressure, m denervated digits has been 
ascribed to diminished blood supply Since the authors contend, however, that 
the blood supply of denervated digits is adequate, there must be other causes for 
the delayed healing In the case of ulcers following burn, the slow healing is 
only apparent, since data are lacking on the extent of the original trauma because 
of loss of pain sensation in the denervated area In the case of ulcers produced 
by pressure slow' healing is due to edema associated w'lth impairment of the lymph 
drainage in the extremity The occasional presence of a vesicular eruption in 
cases of peripheral nerve lesions also is due not to denervation but to a variety 
of cheiropompholyx 

Mechanism of Axonal Vasodilation — On the basis of a case of section of the 
ulnar nerve, Doupe concludes that axonal vasodilation is mediated by fibers other 
than those associated with sensation The mechanism of axonal vasodilation is 
still obscure According to Lewis, it depends on efferent cholinergic fibers having 
their trophic center in the posterior root ganglia and distributed in the skin in the 
form of a plexus, stimulation of which releases the so-called H substance A 
review' of the literature fails to corroborate this view The authors offer an 
alternate hypothesis, viz , that the fibers subserving axonal vasodilation are afferent 
and that they terminate in a branching axon system w'lth receptors specially sensi- 
tive to products of tissue damage, similar to histamine Axonal vasodilation is 
thus attributed to the metabolites of nerve fibers, rather than of cells of the skin 
Epincplit me — Denervation of digital vessels in human subjects renders them 
hypersensitive to the vasoconstncting action of epinephrine This is due to 
degeneration of sympathetic fibers, w'hich produces m the vessels of denervated 
digits a low'ered threshold and a prolonged response to the action of epinephrine 
The vessels of preganghonectomized digits, on the other hand, show' only a low'ered 
threshold This difference betw'een degenerative and nondegenerative section of 
sjmpathetic nerves is due to a loss of “accommodation” in the former which is 
not present in the latter Emotional stimuli cause a release of epinephrine in 
the body, but the need for heat conservation is a more variable and less constant 
cause of such liberation Thus, the original view' of Cannon that secretion of 
epinephrine is associated with mental excitement is more correct than his later 



no 4RCHirES or \rUROLOG) 4AD PS]CHIAJR} 

assumption tliat cpineplinna participates in nian> of tlic ceaseless sanations in 
body function Peripheral neurogenic sasoconstnction is not necessarily accom- 
panied svith the release of epinephrine, an indication that ssithin the s>mpathctico- 
adrenal sjstem different patterns of behasior are elicited b> stimuli of different 
tjpes Epinephrine could be liberated m the bod> m amounts com])arablc to the 
rapid intravenous injection of 2 micrograms or to injection of the drug for 
longer periods at the rate of 6 micrograms per minute In other circumstances, 
much larger amounts might be liberated, which would suffice to initiate persistent 
sasoconstnction m a denersated digit 

Circtilatioii in the Skin of the Prornnai Partf of the Litnht — Doupe and his 
collaborators confirmed the siew expressed bv Grant and Holling that there exists 
a sasodilator sympathetic supplj to the blood \esscls in the skin of the proximal 
parts of the limbs bj producing actise \asodilation in response to intense heating 
of the body The lack of effect of ner\e block when the subjects are cold show's 
that there is no significant a asoconstrictor mncraation of the \esscls m these 
areas of the skin The \asodilation is not dependent on the actiaitj of the sweat 
glands, since the action of the latter can be abolished ba atropine without thereb> 
decreasing the aasodilation The thesis of Grant and Holling is not refuted bj 
the occurrence of aasodilation following synipathcctom> The latter phenomenon 
may be due to discharges m aasodilator fibers, aabich arc dcccntralired by tbe 
operation, to the anesthetic and to absorption from traumati/ed tissues 

Sebaceous Secretion — The author and his co-a\orktrs estimated the sebaceous 
secretion in a subject avitli a s\ mpathectonij and in another subject aaith a lesion 
of the brachial plexus Thej found that the sebaceous glands can function in 
the absence of all nerve fibers Similarh, the growth of hairs and the metaplasia 
of the cells of the epidermis arc unaffected by dcpneation of direct ncr\c influences 
Sebaceous secretion is thus simply a manifestation of the growth of the cells of 
the sebaceous glands The phjsical state of the skin influences the production 
and absorption of the sebaceous material The abundant secretion in cases of 
lethargic encephalitis mas be due to disturbances m hormoml regulation 

Effect of Electrical Stimulation on the Circulation and Recovery oj Deiurvatcd 
Muscle — The \alue of electrical treatment of deneriatcd muscles was imestigated 
m a series of 12 patients after suture of the musculospiral or the posterior inter- 
osseous nerves It was found that electrical treatment had no beneficial effects on 
the return of motor power This failure was ascribed to tbe fact that the treat- 
ment does not impose a strain on the muscles of sufficient intensity to be of thera- 
peutic value The amount of electncalh induced exercise was estimated bj 
using the rate of blood flow as an index, and it was found that eien more mtcnswe 
stimulation produced a relatneh slight increase m blood flow The onlj benefit 
derived from electrical therapj is m induction and reeducation of muscular 
movements 

Contractility and Excitabilitv of Denersated Muscli — The electrical reactions 
of denervated muscles consist m changes in contractilitj and excitabilitj Repeti- 
tive excitation is likely to deielop m denenated muscle when it is subjected to 
an electric current This phenomenon is a persistence of potentials throughout 
the phase of muscle shortening, due to the fact that each muscle fiber is responding 
more than once It is readily produced by a constant current The phenomenon 
of galvanotonus is also attributed to the repetitne firing of the muscle fibers 
Denervated muscles usually show' prolonged contraction, w'hicb is due to repetitive 
stimulation by constant currents m conjunction with a cool state of the muscle 
Similarly, denervated muscles show' prolonged excitation, which is also due to 
repetitive stimulation plus the relation of the muscle fibers to the field of the 
current Electrical reactions are of clinical value only when positive, for when 
negative they may be attributed to factors other than the state of degeneration 

of the muscles , „ t- 

Malaviud, San Francisco 
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Neuropathology 

Thf Effects or Iodized Poppyseed Oil and Iodine-Chlorine in Peanut Oil 
IN THE Subarachnoid Space of Animals Edwin Boldrey and Robert B 
Aird, J Nerv & Ment Dis 99 521 (May) 1944 

After the fall of France, m 1941, the authors, undertook to find a satisfactory 
substitute for 40 per cent iodized poppyseed oil, which was no longer available 
For this purpose, 27 per cent iodine and 7 5 per cent chlorine in peanut oil (lodo- 
chlorol) was selected and was tested for comparison with 40 per cent iodized 
poppyseed oil In a group of dogs, 2 cc of the radiopaque substance was injected 
into the subarachnoid space through the cisterna magna Four dogs received an 
additonal injection after a week's interval, and another group of 4 dogs received 
2 cc of oil plus 2 cc of the animal’s own freshly drawn blood On 2 animals 
which had received the lodochlorol and on 1 which had been given an injection 
of iodized poppyseed oil autopsies were performed on the fourth or fifth day Mild 
subarachnoidal and adventitial inflammatory changes were noted in the cervical 
region m all the dogs Two dogs, followed for eighty-six days after the injection 
of iodine and chlorine m peanut oil, showed a transient rise in the spinal fluid of 
polymorphonuclear leukocytes and lymphocytes, and autopsy showed definite gross 
adhesions in the upper cervical region and numerous thick-walled cysts about the 
brain stem In a similar experiment, in which 2 dogs received iodized poppyseed 
oil, the transient rise m the cell count was higher in each instance, and the 
pathologic changes were more extensive and severe Animals which had received 
two injections of either iodized poppyseed oil or the lodine-chlorine preparation 
showed a more pronounced reaction than those which had had only one injection, 
this was especially true if a relatively long time was allowed to elapse after the 
second injection before the dog was killed In other animals, the addition of blood 
to the injected oil materially increased the irritating effect 

The most significant observation was the progressive cnronic adhesive reaction 
found after three months m animals given injections of either of the oils Although ^ 
the reaction with the lodine-chlorine preparation was slightly less than that with 
the iodized poppyseed oil, there was sufficient reaction m either case to make the 
removal of the oils from the subarachnoid space desirable 

Chodoff, Langley Field, Va 

Vascular Changes in Experimental Anaphylaxis of the Brain A Ferraro, 

J Neuropath & Exper Neurol 4 1 (Jan ) 1945 

Ferraro reports observations on the brains of monkeys which were subjected, 
over varying lengths of time, to parenteral injections of egg white Histologic 
study revealed that if an animal died soon (fifteen hours) after an intracerebral 
injection typical features of the Arthus phenomenon, with necrosis, hemorrhages, 
edema and perivascular reaction, consisting mainly of the presence of polymorpho- 
nuclear leukocytes, were seen In an animal which survived six days after the 
last intracerebral injection of antigen the perivascular reaction showed a mixture 
of polymorphonuclear leukocytes and lymphocytes In other monkeys m which 
the injection of antigen was prolonged for a much greater period the perivascular 
reaction was characterized by the presence of lymphocytes associated with large 
mononuclear cells The longer the period of sensitization, the more dominant 
was the lymphocytic-histiocytic type of reaction In addition, the formation of 
giant cells, derived either from large mononuclear cells or from histiocytes, became 
an added important histologic feature The presence of the typical Arthus phe- 
nomenon was therefore not essential m determining the anaphylactic origin of 
a pathologic process 

In another series of experiments in which the antigen was administered intra- 
muscularly, some of the animals were given injections for a long period without 
presenting clinical symptoms of involvement of the central nervous system whereas 
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under identical conditions other animals died after a number of injections, which 
varied from 29 to 103 The sensitization of the animal took a minimum of one 
hundred and twelve days and a maximum of four hundred and five days, and the 
histologic changes were similar to those seen in the later stages of experimental 
anaphylaxis, namely, the lymphocytic-histiocytic tjpc accompanied with varying 
degrees of parcnchj matous change, ranging from minimal alteration to necrosis 
The necrosis was independent of the hemorrhages with whicli it was associated 
in the acute stage of the reaction Guttman, Philadelphia 


A Casf of Pfriartfritis Nodosa with Dlclri drati Rigiditv axd Extixsivt 
Exccrualomalacia in a Five Yfar Old Chiid N Malamud, J Neuro- 
path & Exper Neurol 4 8S (Jan) 1945 


Malamud reports the case of a 5 year old boy who, while convalescing from an 
infection of the upper respiratory tract, had fleeting pains in the joints and 
abdomen Examination revealed a sjstolic cardiac murmur, elevated temperature 
and leukocytosis but no swelling or redness of the joints Acute rheumatic fever 
was suspected One week later the sjmptoms began to subside, but tlie patient 
suddenly had a series of seizures, became comatose and exliibited decerebrate 
rigiditi Tendon reflexes could not be elicited, and there were no signs of involve- 
ment of the pyramidal tract The pupils were dilated and fixed to light, and there 
was mild papilledema Lumbar puncture and studies of the cerebrospinal fluid 
revealed nothing significant Ventnculographic studies suggested the presence of 
a tumor of the brain stem The patient died about two and a half months after 
the onset of his illness 

There was massive necrosis of the cerebrum, while the brain stem and cere- 
bellum were of normal consistencv and the basal vessels were soft and delicate 
Microscopic observ'ation revealed complete destruction of the cj toarchitecture, 
with few or no nerve cells remaining, and the brain tissue was replaced with 
vacuoles of varying sizes or with amorphous masses of precipitate Witliin the 
necrotic tissue a verv active mixed mesenchjmal and glnl reaction occurred 
There were marked proliferation of microglia and an equally intense proliferation 
of reticulin fibers, with newly formed blood vessels The neuroglial reaction 
was moderate In the leptomeningcs there were a few’ pol> blasts and Ijmphocjtes 
The white matter showed intense, but more patchy, involvement Extensive 
necrotic changes were also found throughout the optic chiasm, the caudate nucleus, 
the putamen and the globus pallidus The thalamus, with the exception of the 
centromedian and intralaminar nuclei, was destrojed, partly as the result of 
secondary degeneration The hypothalamus and the subthalamus were only slightly 
involved The necrosis terminated at the level of the red nucleus The brain 
stem and the spinal cord exhibited onlj mild secondary degeneration of the 
pyramidal tracts The cerebellum, however, showed pronounced diffuse degenera- 
tion of nerve cells in the Purknije layer and the dentate nucleus St_dy of the 
meningeal and cerebral blood vessels revealed lesions in a subacute phase of 
hyalin necrosis of the submtima and media, perivascular infiltration with lympho- 
cytes and fibroblastic proliferation of adventitia and intima, encroaching on the 
lumen Similar vascular lesions were found in the heart, and somew'hat more 
chronic ones were noted in the walls of the trachea, the esophagus and the gastro- 
intestinal tract and in the kidneys 

Anatomically, there was a conspicuous discrepancy between the extensive 
destruction of the cerebral parenchyma and the restricted vascular lesions The 


discrepancy between the involvement of the parenchyma and tliat of the vascular 
system may be of significance in understanding the nature of the disease 
Malamud states that the onset following an infection of the upper respiratory 
tract and its initial general effect on various organs, followed by an intense 
necrotizing process in the brain, clearly out of proportion to the extent of the 


arteritis, suggests an allergic reaction 


Guttman, Philadelphia 
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PsycMatry and Psycliopatliology 

Psychoses Occurring in Soldiers During the Training Period Margaret 

Hitschman and Zuleika Yarrell, Am J Psychiat 100 301 (Nov) 1943 

Hitschman and Yarrell studied 100 soldiers who were admitted to the psy- 
chiatric division of Bellevue Hospital One third had enlisted, the remainder were 
drafted Only 1 had seen actual combat The distribution of diagnoses was as 
follows schizophrenia, 78, manic-depressive psychosis, 8, psychopathic personality, 
6, psychoneurosis, 4, mental deficiency, 1, epilepsy, 2, and syphilis of the central 
nervous system, 2 Thirty-one of the 100 men had had previous psychiatric treat- 
ment In correlating the length of service with the onset of the illness, tlie 
authors found that 70 of the group became ill within five months of entering 
service On reviewing the preinduction histones, the authors found that 38 had 
made good adjustments Twenty-three of the 100 men became ill within the first 
two weeks of service, and in this group the authors felt that military service 
played a role as a precipitating factor In a comparison of the clinical features 
of the psychoses found m these soldiers with those in a group of civilians of 
similar age and sex, no significant diflFerence was apparent In order to lower 
the incidence of psychiatric casualties, the authors recommend social investigations 
to eliminate men with previous admissions to mental disease hospitals, investigation 
of police and social agency records, a three months’ probationary preinduction 
period, special training units in replacement centers and psychiatric examination 
of maladjusted soldiers after three months Forster, Philadelphia 

Clinical and EEG Studies in Obsessive-Compulsive States B L Pacella, 

P Polatin and S H Nagler, Am J Psychiat 100 830 (May) 1944 

Pacella, Polatin and Nagler studied the electroencephalograms of 31 patients 
with obsessive-compulsive states Twenty-six of these patients were classified as 
psychoneurotic, and 2 of them had petit mal attacks in addition to their obsessive- 
compulsive state Five patients had schizophrenia Twenty of the 31 patients had 
abnormal electroencephalograms, 14 of whom presented occasional or frequent runs 
of 2 to 4 per second, high voltage activity In most records the paroxysmal 
disturbance was apparent only after hyperventilation Only 9 of the 31 patients 
had definitely normal records The patients under 30 years of age had a greater 
incidence of abnormalities in the electroencephalogram There was some indica- 
tion of a higher incidence of a family history of psychopathy m the group with 
abnormal electroencephalograms, but the authors conclude that the differences, 
while suggestive, are not statistically significant The severity of the clinical 
symptoms could not be correlated with the electroencephalographic pattern 

Forster, Philadelphia. 

A Runaway erom Home Hugo Staub, Psychoanalyt Quart l2 1, 1943 

Although many elements participate m the production of a criminal, among 
which are economic and social factors, traditions, the level and form of civilization, 
politics, power and psychologic factors, Staub doubts whether there is a genuine 
criminal who is not one because of an inner conflict, i e , anxiety feelings, feelings 
of guilt or a need for punishment Reality often replaces the inner mechanisms of 
guilt and self punishment by pressing hard enough and by inflicting sufficient 
suffering to weaken the inner restrictions and relieve the inner anxiety, thus 
leleasmg the aggressive tensions The author behe\es that m all criminals there 
IS an emotional urge to act dissocially, which originates m an unconscious conflict 
In prison a criminal may be calm and well adjusted, but when he is released he 
becomes shaky, disintegrated, unbalanced, inhibited and emotional except when 
committing a crime The mterpla}' between the reactions of society and the 
criminal’s acting out of his unconscious fantasies of self punishment result in the 
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development of a criminal character iii the latter In proof of Ins thesis, Staiib 
offers the analysis of a 17 year old boy who showed a compulsive tendency to 
run away 

The author cmphasircs two points m discussingf the ease 

1 Running away is behavior w'hich is in contradiction to the tendency of a 
child to cling to infantile dependencies Ihc child may run away because he is 
being treated badly in his home, or he may run away, as m the ease cited, because 
he has feelings of guilt about his unconscious murderous and incestuous impulses 
With the latter motive there arc associated some pleasure gams — by^ running away 
the child can make his mother cry for him and want him back, he can take 
revenge on her, and he can imitate his father by appearing capable and self reliant 

2 In treating patients whose bchaMor is antisocial, it is necessary’ to modify the 
usual psychoanalytic procedure Such patients art at first absolutely passive in 
treatment because they have strong feelings of frustration and disappointment to 
which they react by obstinacy Ihc analyst must be active in convincing the patient 
of bis willingness and ability’ to help and of his perception of the patient’s inner 
problems The patient will test the analyst by cv cry means possible to see whether 
he means what he says If the patient is a braggart, he must be shown that his 
exaggerated self confidence is an ovcrrcaction to his feeling of helplessness He 
must be helped to lose his anxiety about his helplessness by his confidence that 
the analyst will stand behind him With the adolescent, the analyst must appeal 
to his intelligence The analyst’s activity m this preparatory period is directed 
toward gaining the patient’s confidence in order to establish a strong positive 
transference, to draw off the excess of anxiety and fortify the badly damaged self 
confidence and to permit the controlling and restraining forces of the ego to operate 
This accomplished, the usual technic of psychoanalysis is employed 

PrAnsox, Philadelphia 
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PHILADELPHIA PSYCHIATRIC SOCIETY 
0 Spurgeon English, M D , Presi(fmg 
Regular MeeUng, March 9^ 1945 

Modern Concepts of the Convulsive State Dr Temple Fay 

The use of insulin, metrazol and electric shock has made the convulsive seizure 
such a commonplace event that the psychiatrist and the public as well have 
abandoned the concept that such attacks are evidence of mental inferiority and 
degeneration With this remarkable change in concept there is a recurrence of 
many challenging questions 

The concept that the convulsive seizure may be a latent pattern of an early 
evolutionary type of reaction pattern, at approximately the level of the amphibian, 
seems worthy of consideration m view of the fact that the pattern of movement 
never includes the acquired skilled activity and the coordinated types of action 
patterns seen in the forms above the mammalian level 

Many circumstances surrounding a seizure cannot be harmonized with the 
concept of an “irritative” or a “stimulative or overflow” response The latent 
period existing between the application of a stimulus to the brain organ and its 
response in terms of a typical convulsive seizure has not received the attention or 
consideration it should Stimuli applied to peripheral nerve roots or to the cord 
itself yield an immediate and violent response 

Instead of electric shock stimulation being the cause of the motor discharge, 
the latent interval may well be concerned with the effects of stunning or removing 
the inhibitory influence of the cortex so as to permit spontaneous release of lower 
levels of motor activity similar to the early phylogenetic pattern 

The former concept of a convulsive seizure being “aVi evil discharge of purpose- 
less movements” has given way to a more rational consideration of the removal of 
higher evolutionary dominance in terms of motor patterns and cerebral levels, 
rather than of direct “irritation or discharge of cortical energy” from pathologic 
areas adjacent to the motor cortex 

Drawings o£ a Seven Year Old Child Db Robert S Bookhammer 

Drawings by a 7 year old girl depicted a boy having his genitals cut off by a 
large knife m the presence of little girls, Avho were making fun of the situation 
The child was reported to be quite a tomboy, definitely regretting that she was 
a girl The drawings were viewed as an attempt to resolve her conflicts in 
relation to this envy, thus enabling her to become more accepting of her 
femininity They were offered as an addition to the ever increasing data support- 
ing the theories related to the little girl’s concern Avith her lack of a penis It was 
emphasized that this child Avas in normal health and occupied AVith the normal 
problems of her psychologic development 

DISCUSSION 

Dr Gerald H J Pearson All of us AA'ho do any type of psychotherapy 
are ahvays glad to have objective evidence from children AA'hich bears out some 
of the inferences Ave draAV of Avhat goes on m the subconscious mind of the adult 
patient It is ahvays good to have objective material that aviU show these con- 
flicts as they develop and the Avay in Avhich the child learns to handle them 
It IS important that these draAVings came from a normal child One sees many 
drawings like this m psychiatric Avork with sick children There is no question 
that the draivings show that this little girl is having a hard time reconciling 
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herself to the fact tliat there are creatures m tlie \\orId wiio are not tlie same 
as she is . 

The father picked tliese diawings out of the wastebasket, where the child had 
thrown them At the same time, he noticed that the child seemed to be a little 
upset in relation to her brother Perhaps man> parents would have spanked this 
little girl and said that she was naughtj When a parent is able to get material 
produced b}' the child show'ing that the child is having an emotional problem, 
they could do something to help the child during this period Emphasis should 
here be put on the fact that it is “just as important to be a girl as a boy ” 

Dr Joseph C Yaskiv Did Dr Bookhammer say this child was 7 jears of 
age w'hen these drawing were made^ How reasoinblj certain is he that she 
really is wclP 

Dr Harold D Palmer What criterion does one use m saying “i perfectly 
normal little girl"’ This child had aiiMCty, a great deal of aiiMetv She put the 
drawings where they would be found She put them there with the intention of 
punishment A child of 7 is clever enough to have disposed of them, and she 
would not have put them where they would have been discovered by the parents 
if she had not wanted them to be found 

Dr O Spurgeon English That there is an inherent tendency toward 
destruction in human beings, whether male oi female, is here shoivn pretty clearly' 
Freud spoke of the death instinct, and MenningCr developed it further m “klan 
Against Himself" and showed how many different forms this instinct takes m 
human beings 

One secs so much envy and jealousy, criticism and destruction in the world 
It IS very common A woman will envy another woman her appearance, another 
her good looks and another her ability and talents m some field and can feel 
only unhappy about il and want to criticize her Men envy each other their 
physical prowess and ability, instead of emulating each other 

Such aggressive and destructive trends show how much help children need in 
early life, how much attention one needs to pav to satisfying se\ual education 

Whatever one’s opinion may be about the castration complcK as a theory, one 
will surely agree that children need a great deal of help and direction in how 
to accept themselves as they arc They need much help and proper direction of 
such destructive tendencies as arc shown in this child, whether she is regarded as 
sick or normal 

Dr Robert S Eookhammfr I purposely made this communication short 
and did not go into a considerable history of this child If I had gone into it 
more deeply, perhaps some of these questions would have been anticipated and 
answered 

Dr Yaskin will have to take on faith my' statement that she is well I have 
knovvn this little girl fairly vvcll over a period of years She is perhaps in the 
upper third of her class in school and is very popular with the other children 
She presents no behavior problem, cither in or out of the home She is happy 
and contented She shows no particular phobias or obsessions or anxieties beyond 
the usual range of childhood 

In answer to Dr Palmer’s question This child has been perhaps a little more 
fortunate than most in growing up in a household where there has never been 
much restriction of any sort on expression Since she has been able to draw, 
she has drawn pictures of animals, in which she includes the genitalia of the 
animals and draws only male animals, never females 

I suppose every 7 year old girl has a certain amount of anxiety, and this child’s 
need to express her problems m these terms indicates that she has anxiety I do 
not think that such anxiety in a 7 year old girl is necessarily pathologic Every 
little girl has this kind of anxiety, which she has to work out in some way or 
other, and this seems a pretty good way of doing it 
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Utilization of a Therapy Group in Teaching Psychotherapy Dr Samuel 

B Hadden 

Four years ago students and interns interested in psychiatry began attending 
sessions of the psychotherapy group at the Philadelphia General Hospital, and 
in the fall of 1944, 15 students, volunteers, were selected to work with men dis- 
charged from the services for psychoneurotic disabilities or rejected for service 
for the same cause 

Each student is assigned a new patient, takes the history, carries out the 
indicated examinations and usually arranges a weekly conference other than the 
interview at the group discussion After twenty to forty minutes spent in personal 
interview between patient and student, both gather with the leader for group 
discussion New patients are admitted at any time, giving opportunity for repeti- 
tion of essential principles, such as repression, sublimation, projection and intro- 
jection The patients understand the sessions are part of the teaching of the 
students and accept their student-doctors confidently At times the students are 
assigned topics which they present to the group and which are the subject of 
discussion by both patients and students 

The purpose of the course was to give students an appreciation of the psycho- 
therapeutic procedures, and the students have reported that they have acquired an 
understanding of themselves as well and that their personalities have been favorably 
affected They have unanimously stated that this was the first opportunity they 
had had of working with psychiatric patients on an intimate basis Many expressed 
surprise that the symptoms of neurotic patients were accepted as being real and 
that such symptoms as tachycardia, epigastric pain and digestive disturbances 
could be influenced by psychotherapy At first they regarded with skepticism the 
assurance of improvement m patients without medication The students felt that 
at least two, or even three, sessions a week were m order 

DISCUSSION 

Dr Robert A Matthews For the past twenty years there has been a gradual 
and, I should say, satisfying improvement in the teaching of psychiatry all over 
the country, especially in the better medical schools It can be best presented 
didactically through student clinics and with student work in the wards 

My associates and I are still trying to find a way to present adequately the 
problems of the psychoneuroses and the psychosomatic problems We have tried 
a lecture form, and I am fairly convinced that we did not succeed very well in 
presenting didactically material regarding the understanding and treatment of the 
psychosomatic patient 

We have tried the presentation of psychoneurotic patients before large groups 
of students At one time I thought this method was not feasible, but the more 
I see of It the more I believe that one can present psychoneurotic patients to large 
g^roups of students, actually discussing the patient’s problem before a student group 
However, that still does not solve the problem of allowing the student to get the 
feel of the psychoneurotic problem 

Dr Hadden has shown one of the ways m which one may be able to do this 
Students, m this plan, are allowed to talk to individual patients Then the group 
gather together, and certain basic principles are discussed and the patients are 
encouraged to discuss their own problems This permits a combined individual 
and group interview, which, I think, is excellent The trouble is that at present 
there are not enough psychiatrists to guide the students in their individual inter- 
views I think Dr Hadden has presented something that is reall> stimulating 
Medical schools cannot consciously continue to send students out so poorly 
prepared in this most important of all subjects 
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One must be careful that one does not make psyebotherapy seem too easy to 
the student A certain type of patient who applies at this sort of clinic may not 
represent the entire cross section of the psychoneurotic problem, and we may be 
a little careless, if we do not watch ourselves, in not giving the student a healthy 
respect for the difTiculties in this type of treatment This facile handling of the 
problem is illustrated in “Ladj in the Dark,” in which, after four or five sessions, 
the conflict seems unearthed and the patient married the man of her choice, gets 
better and lives happily ever after The student must not think that he will get to 
the deeper layers of tlie personality in such group meetings, as can be done only 
through individual interviews, in manj cases cMending over long periods Dr 
Hadden is to be congratulated in his untiring efforts 

Dr Joseph C Yaskin It is not necessary to comment on the value of Dr 
Hadden’s paper That is self evident 

It might be of interest to look hack and see vvhv such methods were not 
available years ago I believe that the answer is to he found in the fact that the 
teachers of a generation ago did not know much about the psycfioneuroscs and 
could not teach them I believe that thev would teach the neuroses very sensibly 
by reason of their personal insight, but thev did not have any semblance of a 
systematic approach 

If a patient has a cerebral tumor or gallstones, he calls a surgeon, whereas the 
general practitioner has to handle the psychoneuroses Therefore, he should be 
better able to manage them 

Dr Isadore Rodis, Washington, DC Dr Hadden has established a prece- 
dent The psychiatrist is coming out of his ivorv tower and getting in contact 
with the students 

At Georgetown University the students arc appreciative of the fact that they 
can see the psychiatrist and can talk with him My colleagues and I have found 
this valuable in the outpatient department and in conferences held by the depart- 
ment of medicine, in which the department of psychiatry has been invited to 
participate and in which the sessions have been so arranged by the department of 
medicine that the patient with a psychosomatic disorder is presented to the section 
of students by the students themselves 

Dr George D Gammon The reaction of various departments of the hospital 
to this plan of group psychotherapy has been rather interesting In some depart- 
ments there were physicians who were enthusiastic about referring patients, for 
instance, the clinic for gastrointestinal diseases, which abounds m such problems 
Certain other departments, where elixir of phenobarbital flows freely, have 
refused to give up their patients Dr Hadden decided to undertake the treatment 
of a group for veterans which would meet at night In order to get assistance 
for that. It was decided that the senior medical students would have to be called 
on to help out They hav'e been enthusiastic and faithful in attending They arc 
sincerely interested in trying to learn more about psychiatric problems and 
problems of mental behavior 

There is great interest m this type of treatment not only among medical 
students but among other people Many other persons have asked whether they 
could attend some of these classes That merely^ foreshadow s Dr Yaskin’s proposal 
to teach the principles of psychiatry in general education 

Dr Louis H Twyeffort Dr Hadden is proving to the future generation of 
medical practitioners the reality of psychosomatic factors I should like to put 
in a plea for the use of such adjuvant methods of teaching as motion pictures in 
emphasizing the role played by emotional factors in many disturbed physiologic 
states Such moving pictures could be put to good use in future teaching programs 
to make the coming physician aware of the physiologic reality of emotional factors, 
thus gradually overcoming the far too current concept that most psychosomatic 
symptoms are but figments of the imagination 
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The Mentally Diseased Patient as an Individual Dr George S Sprague 
The stimulus for this paper was found in Freud’s “Mourning and Melancholia,” 
in which he said “Both scientifically and therapeutically, it would be fruitless to 
contradict the patient who brings these accusations against himself He must 
surely be right in some way and be describing something that corresponds to what 
he thinks ” 

There are dangers involved in dealing with the psychiatric patient on the basis 
of diagnosis instead of insisting on learning his individual attitudes, reactions and 
symptoms Generalizing, like a composite photograph, allows individual items 
to be lost sight of, to the detriment of the best management and understanding of 
the patient Each person wants to be considered as an individual and is correct 
in prizing his personal differences No matter what his symptoms, there are 
contained in them clues to a relationship of cause and effect which should be 
used to his advantage The symptom is not the problem but, rather, the evidence 
that problems exist and should be sought out But while psychiatry is interested 
as never before in subjective material, application of such progressive attitudes 
even yet lags behind awakening knowledge 

No two people are likely to build identical concepts for any of the familiar 
notions, such as death, love and politics, and if effort is not individually applied 
the patient may unwittingly be importantly misjudged and misunderstood The 
result IS a lowered effectiveness of therapy and a scientific loss in comprehension 
of the problems In the period of postwar readjustments the challenge will be 
particularly urgent because of the numbers of returned service men who have 
difficulties in settling into the old situations and culture, while at the same time 
they have learned in service to look to psychiatry for help as never before 

DISCUSSION 

Dr Eleanor Koch I wish to express my appreciation of this paper and to 
welcome Dr Sprague to his practice of psychiatry in Philadelphia 

The emphasis which he places on the consideration of the patient as an indi- 
vidual IS one which psychiatrists tend to take for granted as an “ABC” m practice 
It IS certainly that, but, although it is an emphasis to which they give ready lip 
service, a working use of all that is suggested in this paper requires continued 
and purposeful reiteration in its application to the practice of psychiatry 

I have thought of reasons for the difficulties the psychiatrist encounters in his 
attempts to individualize each patient’s problems Much of this tendency to 
categorize is related to the security value for the psychiatrist in the classified 
approach to a subject’s difficulties That his own sense bf security should be 
obtained at the patient’s expense is not compatible with good psychiatric practice 
Dr Philip Q Roche I wish to express a word m praise of Dr Sprague for 
his stimulating paper and to convey to him a special word of appreciation for his 
directing our attention to the neglected field of criminal psychiatry In this con- 
nection, Dr Sprague’s comments on the uncritical use of rigid, diagnostic labels 
find particular application m dealing with patients whose behavior is disquieting 
The tendency to regard people as diagnostic entities rather than as living persons 
IS nowhere more persistent than in the treatment of delinquents This is exempli- 
fied in the creation of figments of what people are fancied to be and in attempts 
afterward to squeeze them into such predetermined shapes There come to mind 
such diagnostic terms as “defective delinquent,” “moral imbecile,” “psychopathic 
personality” and “constitutional psychopathic inferior ” 

I doubt the real usefulness of such terms in service to scientific aims Some 
say thej’^ have \alue in the immediate practical expedients of penology, but 
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psychiatrists should always treat them with suspicion and he mindful of their 
corruptive effect This is demonstrated too often in the use of these terms, w'hich 
lend themselves to semantic distortion, to convey more of name calling than of 
understanding Worse still, such terms creep into the law and petrify into sacred 
anachronisms Such is the case of the present huv, which has created a subspecies 
of monster called ‘‘defective delinquent” This brings to mind the admonition of 
Montaigne, ‘‘7 hrougli presumption thei make laws for nature and marvel at the 
wa> nature ignores those laws” 

Dr Sevmour DlWitt Ludlum I am alwajs intrigued bv the fact that nobody 
ev'cr raises the question of constitutional basis, that is, the phjsiologic constitutional 
basis 

Dr Gforge S Spracue I appreciate the discussions of this subject A 
statement made bv Dr Roche seems especially in jioint — that semantic problems 
are such a large part of this matter A.n incident which will serve to illustrate 
this point occurred when a boyhood chum of mine was invited to spend a week 
on a friends farm, where the friend had been contentedlj spending the summer 
But when the visitor came indoors with the remark ‘‘Did >ou know that there 
IS a quadruped on this farm ’ the bov who lived there was for come wiiile afraid 
to go outdoors anv more In a similar fashion psvciiiatrists arc all jironc to deal 
quite too predommantl} with terms, rather than with the true facts about the 
patients and their problems 

Narcosynthesis of the Civilian Neurosis Dr IIiriurt rarrii 

With the aim of shortening ps> chotherapv m selected cases of neurosis, a 
technic somewhat similar to that which Grinkcr and Spiegel called narcos> nthesis 
was utilized The dvnamic principle involved was that of mobilizing affects so 
that the emotional life of the patient would be reintegrated bv fusing the idea with 
the feeling It was felt that the barbiturates had a moic or less specific effect 
not only in allaving an\ictj but also in producing an affective state which allowed 
for a freer expression of erotic and aggressive drives Tiicse could be utilized 
by the therapeutist m connection with the repressed memories and phantasies fre- 
quentlj obtained, as well as with previously known data 

Tvvelv'c patients were treated, of whom 4 had formal psj choanalj tic therapy 
for periods up to a jear and the others less intensive psj chothcrapv Almost all 
the patients showed affective deviations prior to narcosv iithcsis, and their condition 
was described as schizoid, compulsive or detached 

The paper was a prehmiiiarv report The patients had received from two to 
twelve treatments with narcosj nthesis The responses of the majoritj were 
considered promising 

DISCUSSION 

Dr Louis H Tw\ effort Various w'orkers giving barbiturates intravenouslv 
in narcosynthesis report the occasional occurrence of pulmonary edema, regard- 
less of the quantity of drug used and sometimes in spite of the patients having 
reacted quite normally during previous treatments The injection of atropine prior 
to treatment has been advised \Vhat has been Dr Freed’s experience in this 
respect ? 

In what little experience I have had with narcosv nthesis I have been impressed 
with the way in w'hich it facilitates the expression of repressed aggression, which 
in many instances Seems to be the chief determinant of the patient’s anxiety 

Dr Herbert H Herskovitz I should like to call the society’s attention to 
the fact that Dr Freed was one of the first to report results of insulin and 
metrazol shock therapy to this societ> He is now the first to report on a method 
which IS destined to become generally used in psychotherapj' Psychiatrists are 
always on the lookout for methods with which to shorten psychotherapy How- 
ever, one must be sure not to confuse a means with an end, a method with a 
therapy Barbiturates serve no purpose other than to lessen repression, to bring 
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forth repressed memories and affects Many would-be psychotherapeutists will, 
if this fact IS not sufficiently understood, talk glibly of giving “sodium amytal 
treatments” or “sodium pentothal treatments ” The barbiturates themselves have 
no therapeutic effect They merely weaken repression and thus are an aid to 
psychotherapy I should like to stress my conviction that therapeutic success is 
due not to the drug but to the therapeutist I do not think the barbiturates 
produce a state of euphoria any more than alcohol or other drugs can produce 
aggression or euphoria By lessening inhibition, by weakening repression, the 
patient’s underlying tendencies are brought out I cannot believe that there is a 
definite chemical reaction on certain areas of the brain produced by the barbit- 
urates which causes a feeding of well-being I w'onder whether the feeling of 
well-being, described by Dr Freed and others, is not caused by a release of 
tension and by the allaying of anxiety 

One hears more and more of treatments such as narcohypnosis, narcosynthesis, 
narcoanalysis and others I hope that with the intravenous administration of 
barbiturates there wnll not be built up a confusing array of terms, all of which 
mean the same thing, psychotherapy 

Dr H Craig Bell Dr Freed’s presentation has definite psychotherapeutic 
value in a limited field I should like to ask him two questions How long does 
he find it necessary to keep a patient under observation after such procedure^ 
Has he had any patients who have been very refractory to the drug^ 

I have never seen any cases of pulmonary edema How often do patients show 
such reactions as vomiting^ I have used this type of therapy with schizophrenic 
patients, without any results, and the patient show^ed no emotional changes 

In my experience, I find that the patients tend to be euphoric after treatment 
and feel decidedly better 

Dr Robert S Bookhammer Dr Freed’s approach to the use of chemo- 
hypnosis seems to me to be sound in that he recognizes the need to do more than 
merely have the patient abreact emotional experiences while under the influence 
of the drug My own experience with patients who have had this treatment for 
a civilian neurosis has been that emotional abreaction without subsequent use of 
the material produced under narcosis may be even harmful The resistance, 
only temporarily circumvented by barbiturates, remains as a problem the patient 
must deal wuth consciously, and it is the duty of the therapeutist to aid him in 
this task by going over with him in all its implications the meaning of whatever 
material has been produced by this method 

Dr Herbert Freed I want to thank the discussers for their kind and interest- 
ing remarks 

Dr Twyeffort made a comment about the use of atropine I have not had 
the unfortunate experience with pulmonary edema and perhaps I am careless 
As I think of the dangers of pulmonary edema and how' I treated it in insulin 
shock therapy, it makes me feel that I shall do more about it in the future 

Dr Twyeffort brought out something which I tried to emphasize, that is, 
the hostility that comes out in these patients One of the patients which he 
described had an anxiety state Treatment brought out hostility, but she went 
into a state in which she required prolonged narcosis I think that one should 
allow such a patient to bring out material w’lthin the limit of her anxiety tolerance 
by experimenting with the dosage As to refractoriness to the drug, patients 
W'lth a great deal of anxiety or alcoholic patients can be given up to 15 grains 
(0 975 Gm ) without securing much effect This is especially true of alcoholic 
patients 

Dr Herskovitz pointed out something with w’hich I agree for the most part, 
but not completely 1 do not think the action is simplj a matter of lessening 
repression I feel that barbiturates have a specific effect In my experience, 
practicallj e\ery patient given barbiturates showed euphoria at some stage I 
have not gnen alcohol to patients as a substitute for the barbiturates Dr 
Thorner, of this societj has administered alcohol b\ tube Some ha\e even 
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given it intravenously and claimed that it produced the same effects as sodium 
amytal My feeling is that barbiturates produce a change which is different 
from that produced in hypnosis 

In answer to Dr Bell’s question as to how long after such a procedure one 
can let the patient leave, I think that once the proper dose of sodium pcntothal 
has been achieved the patient can walk out m ten or fifteen minutes after treat- 
ment Until one reaches the proper dose, one maj have to let him he down for a 
short time after tiealment 

Dr Bookhammer stresses a point which I was trjmg to emphasize The 
important aspect m this treatment is not the giving of a drug but the knowing 
what to do with the material obtained In order to get the patient to accept this 
material conscioiislj , I have felt that a procedure should he used which I have 
experimented with onl> a little but hope to do more with m the near future, 
that IS, to make a phonograph record during the treatment and then play it back 
to the patient afterward I think such records would he cxtrcmclj beneficial in 
treatment of the patient as well as for teaching purposes 

Memorial to Dr Henry I Klopp Dr Arthur P Noves, Norristown, Pa 

Dr Henry I Klopp, long a respected member of this societj", died on March 
15, 1945 Dr Klopp was bom m Lebanon County, Pa , Jan 1, 1870 He was 
educated m the public schools of that county and at Palatinate College, Myers- 
town, Pa He graduated from Hahnemann Medical College m 1894 and from 
1895 to 1912 was on the staff of the Westboro (Mass ) State Hospital In that 
year he became superintendent of the newdy constructed Allentown (Pa ) State 
Hospital, a position which he held until his retirement, Jul> 1, 1942 

Dr Klopp contributed his services and sound judgment to manj welfare 
agencies A genial and friendly person, he was much beloved by his professional 
associates and to a remarkable degree enjojed the confidence and respect of the 
community and of its organized social and welfare agencies Tactful but cour- 
ageous m public work, he was uncompromising m what he believed to be for the 
interests of his patients and the hospital with which he was connected Vigorous 
and methodical. Dr Klopp impressed his personality on the hospital for the 
development and growth of which he was responsible Under his guidance 
the Allentown State Hospital became m many respects the outstanding one m the 
Pennsylvania mental hospital system His career was one of outstanding service 
m public psychiatric work, the results of which will long do him honor 
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Chronic Leptomenmgeal Thickening Following Treatment of Meningitis 
with Sulfonamide Drugs Dr Percival Bailev 

This paper was published in the December 1945 issue of the Annals of Surgery, 
page 917 

Penicillin Therapy for Spina Bifida Dr A Earl Walker and Dr Herbert 
C Johnson 

One of the most difficult problems for the neurosurgeon is the management of 
infected meningoceles and meningomyeloceles Two infants with infected menin- 
gomyelocele were treated with intrathecal injections of penicillin, with resulting 
elimination of the infection and conversion of the saccular meningomyelocele into 
a small, completely epithelized scar 
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The mortality rate for the usual conservative or operative treatment of infants 
with spina bifida and meningocele or meningomyelocele is high A method of 
medical management which would materially decrease this mortality offers a 
means by which the patient may be tided over for a few years, until the neurologic 
defect and the danger of hydrocephalus may be evaluated more accurately It is 
probable that the routine use of penicillin in cases of infected or potentially infected 
lesions of spina bifida, especially those which are not covered with normal skin, 
would permit healing of the meningeal sac with a firm scar The administration 
of penicillin mtrathecally m daily doses of 10,000 Oxford units in 2 to 3 cc of 
isotonic solution of sodium chloride would appear to be the optimum method of 
therapy and to invoke little reaction 

The fact that a simple, safe method is available for the treatment of infected 
or potentially infected lesions of spina bifida should not lead to overindulgence m 
its use in those cases of meningomyelocele and myelocele associated with a serious 
neurologic defect If the paralysis is obviously so severe that the patient cannot 
develop into a socially acceptable person, the administration of penicillin, although 
It may allow the spinal defect to heal, is contraindicated both on sociologic and 
on economic grounds It seems unlikely that the use of penicillin in selected cases 
of spina bifida will introduce social problems 

DISCUSSION 

Dr Paul C Buev The treatment of spina bifida is a problem which has 
concerned me for a number of years I should like to stress the point made in the 
latter part of the paper In dealing with cases m which there is a neurologic 
defect I have never regretted having withheld treatment, but on several occasions 
I have regretted treating these severely deformed infants I believe it is unwise 
to treat any child with meningocele who has a severe incapacitating neurologic 
deficit with any method that has any likelihood of success One of the greatest 
medical tragedies is to have such a child survive for many years with paralyzed, 
anesthetic legs and absence of control over the bowel and bladder 

Dr Herbert C Johnson ’ Dr Walker has done considerable work on peni- 
cillin and its convulsive effect on the central nervous system Early in the 
investigation the question was raised whether the convulsive factor was due to 
impurities or was inherent in the penicillin itself With a number of methods, 
attempts were made to separate the convulsive factor from the antibiotic factor 
In almost all experiments, however, it was found that when the antibiotic factor 
was destroyed to a certain degree the convulsive factor was proportionately 
diminished in potency 

A definite answer to the statement that the convulsive activity of penicillin is 
due to impurities can now be made, since recently we obtained an amount of pure 
crystalline sodium penicillin Experiments have shown that pure penicillin is 
just as potent in producing convulsions as is commercial penicillin It is apparent, 
then, that the convulsive activity of penicillin is not due to impurities present m 
the commercial product 
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Mallm, MC, AUS (formerly Northport, N Y), Ben Marks, Detroit, Major 
Aaron S Mason, M C , AUS (formerly Downey, 111 ) , Robert L Meller, 
Minneapolis, Brig Gen William C Menninger, MC, AUS (formerly Topeka, 
Kan ) , *Lieut Herman A Meyersburg, (MC) U S N (formerly Qiarlottesville, 
Va ) , Donald F Moore, Ypsilanti, Mich, Donald P Morris, Dallas, Texas, 

* The asterisk denotes complementary certification 
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Raymond J Norfray, Chicago, Jacob P Norman, Foxboro, Mass , Douglas W 
Orr, Seattle, Col Ernest H Parsons, MC, AUS (formerly Washington, 
D C), Samuel Paster, Memphis, Tenn , Stanley Peal, Towson, Md , Frank 
P Pignataro, Marlboro, N J , William W Pike, Orangeburg, N Y , Major 
Simon Polan, M C, AUS (formerly Philadelphia) , Isidore Portnoy, New York, 
Edward S Post, Marion, Ind , Jack Rapoport, New York, James E Rappa, 
Brooklyn, Donald R Reader, Fort Snelling, Minn , Majoi Lewis L Robbins, M C, 
AUS (formerly Topeka, Kan) , Isadore Rodis, Washington, D C , Capt Samuel 
R Rosen, MC, AUS (formerly Brooklyn), Ernst Schmidhofer, Chicago, 
Laurence A Senseman, Saylesville, R I , Melvin Simonson, Downey, 111 , Lieut 
Col Beverley E Smith, MC, AUS (formerly Washington, D C), Capt 
Manuel Straker (formerly London, Ontario, Canada) , Joseph D Sullivan, New 
York, Major George F Sutherland, MC, AUS (formerly Belmont, Mass), 
Virginia S Tarlow, Chicago , Lieut Col Joseph C Tatum, M C , A U S (formerly 
Washington, D C ) , Oreon K Timm, Fort Custer, Mich , John D Trawick Jr , 
Bethesda, Md , Chester Wade, Oconomowoc, Wis , Julius M Wallner, Ann Arbor, 
Mich , Joseph Walzer, New York, William Weisdorf, Chicago, C A Whitakei, 
Oak Ridge, Tenn 

Neurology — By Examination John L Garvey, Milwaukee, Heinz Kohut, 
Chicago, Vasilios S Lambros, Washington, D C , William H Sweet, Boston, 
Joseph Zimmerman, Brooklyn 

PsychxaUy and Neuiology — By Examination Daniel W Badal, Cleveland, 
Joe R Brown, Minneapolis, Rawley E Chambers, Denver, Major Walter L 
Ford, M C , AUS (formerly St Louis) , Bernard R Goldberg, Newark, N J , 
Robert H Groh, Washington, D C , Capt Avraam T Kazan, M C , AUS 
(formerly New York), Henry D Lederer, Cleveland, Louis Linn, New York, 
Robert J Mueller, St Louis, Julius L Rosenbloom, Pueblo, Colo , Isadore 
Spark, Philadelphia, Walker Thompson, New Orleans, Henry D Von Witzleben, 
Chicago, Cornelia B Wilbur, New York, Joseph M Zucker, Providence, R I 

PsychxaUy — On Record William M Bevis, St Petersburg, Fla, Clarence 
G Cox, Milledgeville, Ga , William M Dobson, Northampton, Mass , C L 
Fessenden, Kings Park, N Y , E Moore Fisher, Washington, D C , John A 
Holland, Cleveland, James P Kelleher, Rome, N Y , Marion R King, Washing- 
ton, D C , Edwin ,M Levy, Canandaigua, N Y , Mary MacLachlan, Kings 
Park, N Y , Clarence R Miller, Coatesville, Pa , Major Henry S Mitchell, 
M C , AUS (formerly Baltimore) , Erwin H Mudge, Helmuth, N Y , Appleton 
H Pierce, Philadelphia, Philip J Trentzsch, New York, John L Van de Mark, 
Rochester, N Y 

Psychxatry and Neurology — On Record Winthrop Adams, Boston, Aclpfar 
A Marsteller, Washington, D C , Leonard Ravitz, Cleveland, Julius Sobm, 
Newark, N J 

REFRESHER COURSE IN PSYCHIATRY, UNIVERSITY OF CALIFORNIA 

The University Extension, University of California, in cooperation with the 
Division of Psychiatry, University of California Medical School, announces a 
twelve weeks’ refresher course m psychiatry and neurology, starting Monday, 
Sept 16, 1946, at the Langley Porter Clinic, University of California Medical 
School 
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This course is a repetition of tlic course in psychiatry and neurology offered 
in January, February and Marcli 1945, with minor changes It is open to phy- 
sicians generally, particularly to those returning from the armed forces Regis- 
tration IS tentatively limited to sixty physicians, and the University of California 
reserves the right to give preference to its own graduates and to \etcran physicians 
Instruction will be given under the direction of Dr K IVI Bowanan, professor 
of psychiatry', University of California Medical School, with the assistance of 
staff members from the \arious divisions of the medical school 

Registration is open to graduates of approved medical schools with nine months’ 
general internship Immediate application for registration is recommended It 
should contain the following information (1) place of legal residence, (2) medic<al 
school attended and date of graduation, (3) experience and training in psschiatry 
and (4) short record of military service Applications should he addressed to 
Stacy' R Mettier, M D , head of postgraduate instruction, Medical Center, Uni- 
versity of California, San Francisco 22 

The fee for the course will be $200, pavable m advance Candidates registered 
under the provisions of the G I Bill of Rights will receive a refund, prorated 
according to their terminal leave Enrolment fee should be either enclosed in 
letter or mailed immediately, with check or monev order payable to the Regents 
of tlie University' of California (for “Course in Psychiatry”) 

Further details regarding this course may be obtained from the Langley Porter 
Clinic, Overland 8080, or from the oOicc of Dr Mettier, Montrose 3600, Local 255 
(secretary) 


FELLOWSHIPS FOR TRAINING IN CHILD GUIDANCE 
CLINIC PSYCHIATRY 

The National Committee for Mental Hygiene, Inc, offers fellowships for 
training m child guidance clinic psychiatry The training is for positions in 
community clinics where psychiatrists, psychologists, social workers and others 
collaborate in the treatment of children suffering from emotional or mental illness 
Some of the fellowships are for two years, some for one year The stipend 
IS from $2,600 to $3,000 for the first year and more for the second year Pre- 
requisites are graduation from an approved medical school, a general internship 
and two years of general psychiatry Military psychiatry wall be accepted for at 
least a part of the two years 

Opportunity is provided for the fellow to develop his own skills in a well 
organized service, with the support of a carefully planned training program and 
adequate supervision The training centers arc selected on the basis of standards 
which have been established by the National Association of Child Guidance Clinics 
For further information write to Dr Milton E Kirkpatrick, Director, Division 
on Community Clinics, the National Committee for Mental Hygiene, Inc, 1790 
Broadway, New York 19 



Obituaries 


WALTER EDWARD DANDY, MD 
1886-1945 

Walter Dandy is dead To those \\ho knew his abundant vitality 
and driving energ}^, and Ins forcefulness, even in recent days, in 
presenting his views and convictions. Dandy has been so vital a 
person that it is difficult to believe that his voice ill no longer be heard 
He died as a result of coronary thrombosis, suddenly, on April 19, 1946 
He leaves a son, Walter, who is in medical school, three daughters, 
Mary, Kathleen and Margaret, and his wife, Sadie Martin, whom he 
married in 1924 

Born in Sedalia, Mo , April 6, 1886, of parents from England and 
North Ireland, Walter Edward Dandy attended the public schools of 
Sedalia and the Univeisity of Missouri and entered the Johns Hopkins 
University School of Medicine m 1907, with advanced standing He 
graduated with the degree of Doctor of Medicine in 1910 and continued 
his work in this medical school and hospital, rising through the various 
stages of the surgical service and academic rank, to become adjunct 
professor of neurological surgery m 1932 

Within three years after receiving the M D degree he had, with 
characteristic energy and industry, completed and published three 
scientific studies, one on the youngest human embryo which had been 
studied up to that time, one on the blood supply of the pituitary body 
and one on the nerve supply of this intracranial structure His classic 
work, “An Experimental and Clinical Study of Internal Hydrocephalus” 
{JAMA 6:2216 [Dec 20] 1913), was published in 1913, when 
he was 27 years old Five years later he produced another classic, on 
pneumoventriculography (Ann Suig 68:5-11, 1918), a procedure 
which he originated and which has been very valuable m the precise 
localization of intracranial lesions It has repeatedly been said that 
ventriculography has been the greatest single contribution to brain 
surgery ever made 

Dandy’s master} of neurosurgical technic enabled him to make 
a brilliant series of technical contributions, impressive even in the 
form of a partial list operations for the complete removal of acoustic 
neuiinomas, radical new operations for trigeminal neuralgias and 
neuralgias of other cranial nerves, and operations for torticollis and 
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for Meniere’s disease His charactciistic coinI)ination of eat-e in 
procedure and boldness of aim was well exhibited m his operations for 
the removal of congenital aneurysms of the arteiies forming the circle of 
Willis and of their large branches Again, his self-confident indepen- 
dence of judgment and his virtuosity m suigical technic were demon- 
strated m his operations for ruptured intervertebral disks, a condition 
which he discovered and reported in 1929 

Much of Dand>’s success in making disco\ erics and innovations was 
made possible by his courage and indciicndence of judgment, hut bold- 
ness was by no means the only or principal Mrtue of his work PIis 
improvement in the surgical treatment of cerebral abscess hj utilizing 
aspiiations through tiny trephine openings m the skull was an example 
of the value he placed on conservative technic 

Dr Dandy was a meinher of the American Surgical Association, 
the American Neurological Association, the Southcin Medical Associa- 
tion, the Southern Surgical Association, the American Medical Associa- 
tion, Phi Beta Kappa and Sigma Xi 

In addition to his scientific reports m journals, portions of Dandj’s 
large experience were published in a scries of hooks, among which are 
“Benign Tumors of the Third Ventricle, Their Diagnosis and Treatment ’ 
Springfield, 111 , Charles C Thomas, Publisher, 1933 , “Benign, Encap- 
sulated Tumors in the I-atcral Ventricles of the Brain, Diagnosis and 
Treatment,’’ Baltimore. Williams and Wilkins Compaii) 1934, 
“Orbital Tumors ’’ New York, Oskar Piest, 1941 , “Intracranial 
Arterial Aneurysms,” Ithaca. N Y , Comstock Publishing Co, Inc , 1944 

Besides his direct contributions to neurosurger\ , Dandy has inspired 
by his example a series of brilliant younger neurosurgeons, who worked 
with him and through whose work he wnll continue to be a living force 
for further advancement 

The outstanding clarit) and succinctness of Dandj’s papei w^ere the 
expression of a forthright habit of mind, wdnch sometimes also involved 
Inm in stormy controversies and a few personal enmities , hut he regularly 
emerged from such disputes wnth the increased respect of his scientific 
colleagues, and it can be safely predicted that his stature as a great 
figure in medicine will grow in the perspective of time His international 
reputation brought him large numbers of patients, and he did a 
tremendous amount of work Simple and unpretentious in manner, 
generous m many unpubhcized w'ays and simple in his personal tastes, 
he was a delightful friend and companion There is much personal 
sorrow at his death, as well as regret at the cessation of a brilliant 
career of investigation and service for the relief of human suffering 

John C Whitehorn, M D 
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LADISLAV HAkoVEC, M D 
1866-1944 


Ladislav Haskovec, professoi ordinanus of neurology and psychi- ' 
atry in Prague since 1919, died during the German occupation of 
Czechoslovakia, on Jan 16, 1944 

Ladislav Haskovec was the founder of Czechoslovakian neurology, 
which he separated from and made independent of internal medicine He 
Avas a pupil of the famous French neurologists Charcot and Gley, and 
his publications and papers showed the mgeniousness and brilliancy of 
the French school of neurology He WiOte more than two hundied 
scientific publications in various fields of neurology, neurohistopathology, 
psychiatry, endocrinology, eugenics and mental hygiene The most out- 
standing and fundamental publications were devoted to akathisia, pilo- 
motor reflex, histopathologic observations m cases of paralysis agitans, 
localization of the center for consciousness, activity of the thyroid and 
parathyroid gland, infantile speech m adults traumatic and vegetative 
neuroses, contractures and tremor 

For over thirty years he published and edited the Czechoslovakian 
journal Revue v neuropsychopathologi He was a member of numerous 
medical societies and institutions all over the wnrld In 1930 he was 


nominated chairman of the First International Congress of Mental 
Hygiene, m New York, and m 1935, vice president of the Second 
International Congress of Neurologists, in London 

Ladislav Haskovec will be remembered by his friends and pupils as 
a noble and generous man, and his death is a loss to his country as 
well as to neurology, which he enriched by many original and interesting 


contributions 


Joseph A Winn, MD 


CORRECTION 

In the article by Dr Robert Wartenberg entitled “Associated Move- 
ments ill the Oculomotor and Facial Muscles,” in the May issue 
(Arch Neurol & Psychi at 55' 439, 1946) it is stated “ the 
gastrolacrimal reflex, and the auriculotemporal syndrome are 

not uncommon but, oddly enough, are not even mentioned in such a 
detailed w^ork as Wilson’s^ Neurology” This is not correct Wilson, 
on page 379 (Neurology, London, Edivard Arnold & Co , 1940), under 
“trigeminal nen'^e,” does mention the auriculotemporal syndrome Con- 
cerning the gustolacriinal reflex he says, under facial nerve (page 403) 
Lachrymation develops at times during facial overaction e g , in the 
process of eating ” 


Book Reviews 


What People Are By Clark W Heath, M D , m collaboration with others 

Price, $2 Pp 137 Cambridge, Mass Harvard University Press, 1945 

To describe rather than to define, a normal young man, two psychiatrists, an 
internist, a physiologist, a physical anthropologist, a psychologist and a personnel 
worker, under the auspices of the Grant Foundation, have been accumulating data 
for the past six years The initial report of their study is presented by one of them, 
Clark W Heath, m this small, lucid volume 

The Grant Study is an institution which was established in 1938 at Harvard 
University for the study of normal persons , its aims are to find, relate and explain 
the characteristics of healthy young men and to seek methods and gain wisdom 
which will direct people to suitable training and careers and help them live happier, 
more successful lives 

An arbitrary concept of normal as “balanced” is first stated, then automatically 
defined by the method of selection of the young men For this work, college 
sophomores were selected as the best available group, and only those were studied 
who were doing satisfactory work and whose “adjustment” was at least average 
In a series of personal interviews, the frequency and technic of which are described, 
the investigators mentioned use eight different disciplines or methods of study 
measurement of soundness, outstanding personality traits, adjustment (environmental 
and intrapersonal) and socioeconomic, morphologic, physiologic, medical and mental 
status An interesting descriptive analysis of these disciplines makes up the bulk 
of this report Integration of observations with the different disciplines is also 
presented 

The material is interesting for itself, but more noteworthy are the constant 
reminders, both stated and implied, that the work is just a tiny beginning, an 
infinitesimal portion of a field for observation which is vast, complex and sub- 
stantially unexplored 

Questions must inevitably arise in the mind of any reader as to the criteria for 
selection of subjects for study or the objectivity of the interviewers One may 
object to the tendency to imply desirability or goodness to certain of the character 
traits, always from the standpoint of career guidance and social adaptation Or 
one may object to the use of terms such as “sound,” “healthy” or “well integrated” 
But the modesty with which the author states the scope of the report indicates 
simply that further and enlarged studies are needed, not that this small beginning 
IS a poor one 

Many more people from all walks of life must be investigated by representatives 
of more and varied disciplines before conclusions can be formulated, common 
denominators found or a decision made as to whether the study of normal persons 
can be sufficiently resolved as to be worth while This volume offers each reader 
a point of departure for ideas for further study according to his own special interest. 

Klimsche und erbbiologische Untersuchungen uber die Heredoataxien By 
T Sjogren Acta psychiatrica et neurologica, supplement 27 Price, IS kroner. 
Pp 200, with 25 tables Copenhagen Einar Munksgaard, 1943 

Sjogren has long been known to students of heredity in relation to neurologic 
disorders, having had abundant opportunities for genetic investigations in the 
relatively stationary population of Sweden His industry in the assembling of data 
in the present large investigation is noteworthy, and his mathematical handling of 
the material is commendable, if somewhat beyond the scope of the average neu- 

130 



BOOK REVIEWS 


131 


rologist This volume comprises a study of 188 cases of the heredoataxias, occurring 
m 118 families, and investigations covering a total of 3,111 persons Cases occurring 
in family groups arc reported, and maps arc appended to show the geographic 
relationships The present obscrv'ations are not so striking as were those m the 
author's previous studies on Huntington’s chorea, in which paush lecords indicated 
the inheritance of the disease through as many as nine generations In the present 
investigation the disease was traceable through five generations From his study, 
m w'hich records were available over several decades, the author concludes that 
definite mental deterioration takes place in the end stages of both Friedicich’s dis- 
ease (hereditary spinal sclerosis) anil Mane's heredoataxia (hereditary ceiebcllar 
ataxia) and, furthci more, that muscular atropln occurs late m the disease in manv 
cases The average age of onset of Fiicdtcich’s ataxia is 13 dt 0 7 years, wdiilc 
that for Marie’s ataxia is 34 ± 19 >cars and that for a heterogeneous group is 
50 ± 2 3 i ears The age at which the disease develops is determined by the family, 
the similarity of age being especially noticeable in siblings The author's fourth 
type of the disease, jojmc jrH<;tc, shows lilllc tendency to progression and is not 
accompanied wuth dementia or muscular atrophy', although there may be a positive 
Babinski sign, loss of reflexes and the telltale Friedreich’s foot 

Genetic analysis shows that Friedreich's ataxia is a recessive monohyhnd, 
wdiereas Marie's ataxia is overwhelmingly a dominant monohybrid , from the 
genetic standpoint, therefore, these two diseases are dilTercnt The hctcrorygotcs 
seem to occur m small groups in ^arlOus parts of the country The material was 
too small for investigation of twins 

Sjogren’s study is a solid contribution to genetics as related to neurologic dis- 
orders , it is w'ell documented and beautifully printed 

The Psychiatric Novels of Oliver Wendell Holmes Abridgment, Introduc- 
tion and Annotations By Clarence P Oberndorf Price, §3 Pp 268 New 
York Columbia University Press, 1943 

Oberndorf has undertaken to dissect, condense and explain the three novels of 
Holmes that deal especially with psychologic problems, namely, “Elsie Venner,” 
“The Guardian Angel” and “A Mortal Antipathy” Each of these novels presents 
a hero or a heroine w'hose adjustment has been w'arped by circumstances, and, 
while a “cure” is forthcoming in the last two, Elsie Venner went to her death m 
what might be considered a catatonic episode The "cures” savor somewdiat of 
shock, since an overturned boat in Myrtle Hazard’s case and a fire in the home of 
Maurice Kirkwood, with the attendant circumstances, resulted m progressive 
readaptation Holmes’s novels arc old-fashioned, with their dialogue, their dis- 
sertations by various characters and the rather cumbersome working out Of the 
plots There is, however, a certain felicity of expression that Oberndorf has retained, 
so that the essentials of each story stand out in strong relief “Many of the pasages 
which my pencil underscored,” he writes, “were so anticipatory and far-sighted, 
so cogent and valid in psychiatric thought today that I could not refrain from 
making comments upon them here and there ” 

This procedure has resulted in a series of notes which detract from the stories 
The annotations are superficial, anecdotal and patronizing After all, Holmes was 
not the immediate precursor of Freud, nor did he live m a world of barrenness as 
far as psychologic motivation was concernd The Boston of Holmes’s era was 
alive with querying in the psychologic sphere, and, while the conservative element 
among Holmes’s professional brethren may not have been acutely aware of the 
theories propounded, P P Quimby and Mary Baker Eddy remain as landmarks 
m psychotherapeutic thought Oberndorf regards Holmes as a gifted amateur, 
apparently, and damns with faint praise when he compares him with the master, 
Freud 
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Mental Changes After Excision of Cerebral Tissue A Clinical Study of 
16 Cases of Resections in the Parietal, Temporal^and Occipital Lobes 
By G Rylander Acta psychiatnca et neurologica, supplement 25 Price, 
12 kroner Pp 81 Copenhagen, Einar Munksgaard, 1943 

This IS a companion piece to the study, published in 1939, dealing with mental 
changes after resection of the frontal lobes in 32 cases of tumor In the present 
study, Rylander has employed the same methods of examination, controlling each 
observation by similar studies on a member of the family or a close associate and 
then applying statistical methods to determine the differences Each patient was 
given a standard intelligence test, and various other tests which had revealed char- 
acteristic differences m the frontal lobe series were used Rylander points out that 
none of his patients showed significant losses in intellectual performance as long as 
the centers of the intellectual machinery (speech, gnosia) were essentially 
undamaged Furthermore, none of his patients showed euphoria, restlessness or 
silliness, and most of them were reported to be of the same temperament after 
operation as before development of the symptoms of tumor Most of the patients 
exhibited some falling off in endurance, some loss of memory and slight irritability, 
and these alterations can probably be explained by the general reduction in brain 
mass Difficulties met with because of impaired vision and epileptic seizures, how- 
ever, caused a gloomy personal outlook in some cases 

The author points out that extensive resections may be undertaken in the parietal, 
temporal and occipital lobes without damaging the capacity of the patient as long 
as the language centers are uninvolved This statement contrasts strongly, however, 
with his observations on resection of the frontal lobes, a procedure which involves 
“the risk of mental invalidism in patients doing mental or other complicated work ” 
Rylander has given an excellent picture of the integrity of the personality when 
the posterior portions of the brain are attacked, and he thereby points out the 
specific qualities in the personality that are impaired after resection of the frontal 
lobe In view of the increasing interest in the subject of psychosurgery, these 
monographs by one of Sweden’s foremost investigators should be studied with care 
The author points to the necessity of carefully controlled observations, with pre- 
operative and postoperative tests by the same investigator, who should also be 
present at the operation in order to ascertain the exact portion of the brain removed 
“The method is laborious, btit it should yield results with a sound background of 
reality ” 
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COURSE AND RATE OF REGENERATION OF MOTOR FIBERS 
FOLLOWING LESIONS OF THE RADIAL NERVE 


SYDNEY SUNDERLAND, MD, DSc 
MELBOURNE, AUSTRALIA 


T he object of tins papei IS to rccoul and to discuss the signifi- 
cance of obsel^atlons on the course and late of legeneration of 
motor fibers following complete intenuption of conduction in the ladial 
ner\e due to gunshot ^^ounds, simple fiactuies of the humeius, pene- 
trating injuries and lacerations The results of an investigation of simple 
compression injuries of this nerve have ahead} been desciibed (Sunder- 
land 

Detailed observations on motor reco^ cry ha\ c been i eported by 
Stopford " and by Seddon, Medawar and Smith ^ Reference will be 
made to the results of then studies in the appropiiate sections of the 
text 

In the present iinestigation of a series of 63 lesions of the radial 
neive particular attention was paid to the following points 
1 End results 

2 Course of spontaneous regeneiation and the legencration follow- 
ing suture 

3 Pathologic features of the lesion, as deduced from a study of 
the course of regeneration 

4 Selection of cases suitable foi investigation of the rate of regenei a- 
tion of peripheral nerves m man 

5 Rate of regeneration, which was estimated ovei diffeient segments 
of the nerve m ordei to determine whethei legeneiation progi esses 
at a uniform rate or otheiwise 


I Simple Com- 


AustralT Anatomy and Histology, University of Melbourne, 

1 Sunderland, S Traumatic Injuries of Peripheral Nerves 
pression Injuries of the Radial Nerve, Brain 68 56-72, 1945 

Brain 43°fS^’lLo^ ^ Results of Secondary Suture of Peripheral Nerves, 

3 Seddon, H J , Medawar, P B , and Smith, H Rate of Regeneration of 
Peripheral Nerves m Man, J Physiol 102 191-215, 1943 
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6 Composition and duration of the interval between the time of 
the injury and the onset of recovery and the influence of this interval 
on the course of regeneration subsequent to the latter 

7 Maximal latent period subsequent to the injury after which 
spontaneous regeneration may still occur and pioceed to completion 

MATERIAL AND METHOD OF INVESTIGATION 

The observations are based on a group of 63 cases of lesions of the radial 
nerve occurring in a series of 301 consecutive cases of peripheral nerve injuries 
which were personally studied over the period of 1941 to 1945 at the One-Hundred 
and Fifteenth Australian General Hospital and the Repatriation Clinic, Melbourne, 
Australia The case histones and the end results in these 63 cases are to be 
reported in considerable detail elsewhere Only 31 of these cases were suitable 
for the purposes of the present study, which demanded that interruption of con- 
duction in the nerve should be complete when the patient first came under 
observation and that examinations should subsequently be made at regular and 
frequent intervals in order to obtain information which would enable one to 
ascertain, with reasonable accuracy, the time and order of motor recovery in 
individual muscles 

Throughout the text cases have been referred to by serial number only 
(personal series), and reference should be made to table 2 for information con- 
cerning the injury responsible for each nerve lesion and the level of the lesion 
above the lateral epicondyle of the humerus 

To make possible a comparison of the observations and results in this series 
with those obtained by other investigators, it is proposed, before proceeding to 
the discussion, to define and specify the exact meaning ascribed to certain terms 
employed in this report 

Initial Delay — The interval between the injury and the time when regenerating 
axons enter the distal segment is termed the initial delay 

Latent Period — The interval between the injury and the onset of recovery is 
termed the latent period ( 

Infection and Scarnnq — An attempt was made in each case to assess the degree 
of infection and local scarring about the nerve in order to determine the influence 
of these factors on the course of regeneration This was obviously difficult, and 
only the simplest classification into “significant” and “insignificant” was attempted 

The degree of infection was assessed on the basis of general symptoms, culture 
of material from the wound, presence or absence of osteomyelitis, period during 
which the wound discharged, time taken for the wound to heal and extent of 
residual scarring 

The degree of scarring was estimated on the extent of injury to soft tissue 
and on the area and character of the residual scar and whether this was adherent, 
free, depressed or otherwise 

Motor Recovery — In studying motor recovery particular attention was directed 
to the onset of contraction in the brachioradialis, extensor carpi radialis longus, 
extensor digitorum communis, extensor carpi ulnaris, abductor pollicis longus 
and extensor pollicis longus muscles No attempt was made when examining 
muscular function to separate the respective muscles of the extensor carpi radialis 
group, the abductor pollicis longus from the extensor pollicis brevis or the 
segment of the extensor digitorum communis to the index finger from the extensor 
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mchcis propnus Tlie members of each group have substantially the same actions 
and are so closely associated anatomically that it is often impossible to decide 
with absolute certainty by palpation when one is conti acting and the other is not 

A study of the metric and nonmelric features of the mdtor blanches of the 
radial nerve m 20 specimens revealed that the shortest distance to the extensor 
carpi radialis longus as measured from a fixed point along the ncivc and its 
branches was invariably shortei than that to tlie extensor carpi radiahs brevis 
The first contractions m tins combined mass could theicfore be attributed to the 
former provided the regenerating axons to each muscle grow at the same rate and 
commence to do so at the same tune 

In no instance were the shortest fibers to the extensor indicis propnus shorter 
than those to the extensor digitorum coinmums In 4 specimens the extcnsoi 
digxti quinti propnus preceded the extensor digitoium communis in the order of 
innervation, though in only 2 of these was the difference between their lengths 
significant Consequenth, the extensor digitorum communis may, as a rule, be 
expected to recover before the other two muscles, and its action should not be 
attributed ‘to them 

In every specimen the distance to the abductor pollicis longus was shorter than 
that to the extensor pollicis brevis, and therefore in cases of uncomplicated 
recovery the first signs of returning function should be attributed to the formei 

Palpable contraction of the muscle, or movement which was undoubtedly 
attributable to its action alone, w'as the criterion adopted for detecting returning 
function, and in this connection due regard was paid to the possibility of trans- 
mitted contraction and trick movements One source of ciror, however, remains 
It has been found that electrical stimulation of a nerve at operation may produce 
a response in a muscle before the appearance of voluntary contraction This 
indicates that reinnervation of a muscle and its ability to contract voluntarily 
do not necessagly return simultaneously Case 231, m the group of gunshot 
wounds associated with fractures of the humerus, will illustrate this point The 
radial nerve, which had originally been reported as completely severed, was 
explored twenty-six weeks after the injury, when infection had subsided It was 
exposed in the middle and distal thirds of the arm and appeared normal in every 
respect Direct and strong stimulation of the nerve resulted in a flicker of con- 
traction m some of the fibers of tlie brachioradialis The nerve was not disturbed 
Contraction to clinical examination did not appear in the brachioradialis until 
40 weeks after the injury, that is, 14 weeks after it was obtained by direct and 
strong electrical stimulation of the nerve at operation 

A possible explanation of this phenomenon is that functionally immature fibers 
were stimulated and that the ability to contract voluntarily depends on the presence 
of functionally mature fibers In this study it was the growth of the latter that 
was under investigation, and since it is impossible to evaluate the aforementioned 
phenomenon, which is probably operating in all muscles, though not necessarily to 
the same degree, its influence on the onset of recovery as detected by clinical 
examination has, perforce, been disregarded 

In order to detect the earliest signs of recovery, patients were examined at 
weekly intervals until all muscles were contracting, from which time onward the 
examinations were conducted at monthl}^ then at three monthly and, finally, at 
SIX monthly intervals When weekly examinations were not possible and the 
first appearance of recovery could not therefore be limited accurately to a specific 
week, the last date when the muscle was known to be still paralyzed and the 
date when recovery was first detected were given m the tables 
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Tieatment — Treatment in all cases consisted of daily massage, heat therapy, 
exercises and supervised and controlled splinting Electrotherapy was not employed 
All muscles were splinted in a relaxed condition until contraction appeared 
This point IS mentioned specifically, because it is m\ experience that the onset of 
reco\er3" maj”^ be delayed in unsupported muscles, w'hereas there is evidence to 
suggest tliat electrotherapy hastens the return of function Consequently, since 
It would appear that the form of treatment affects to a certain extent the onset 
and progress of recovery, it is considered advisable to specify^ the treatment 
employed m any study of rates of regeneration 

END RESUITS 

A brief resume of the end results is necessary for an appreciation 
of the clinical basis of this imestigation The) hate been summarized 
111 table 1 


Table 1 — End Results m Stify-Tzvo Cases of Lesions of the Radial Nerve* 
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10 

2 

7 

1 
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Total 

43 

2 

8 

5 

2 
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• The records are incomplete for 1 additional case 


In general patients with peripheral nerve injuries sustained m the 
Middle East caiupaigns were repatriated to Australia as soon as possible 
Such patients w^ere retained in the Middle East until suitable transport 
was ayailable, and this delay, together with the time taken on the voyage 
home, lengthened considerably the interval between the date of the 
injur) and the time wdien the patient came under observation in a 
base hospital m Australia The late onset of spontaneous regeneration m 
a large proportion of these patients encouraged a conservatne attitude 
in the treatment of those patients in whom the state of the nerve was 
not knowm 

Spontaneous regeneration proceeded either to completion or to a 
degree w^hich contraindicated exploration of the nerve in 45 of the 62 
cases investigated — in 1 other case the patient w^as transferred to another 
state before the onset of recover)’- Of the 17 cases in wdiich exploration 
W’as made, the nen’e w’as irreparably damaged in 8, and m’2 cases it 
W’as sutured under tension There w’as no recovery in these 2 cases, 
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iorty-thiee and fifty weeks, i espectively . aftei the sutuie In 5 cases 
the nerves veie sutined undei favorable conditions, and of these, 
recoveiy was satisfacton in 4 and was pioceeding satisfactoiily in the 
fifth at the time of wilting In the lemaining 2 cases the neive was 
left iindistuibed In 1 of these 2 cases exploiation of the nerve had 
been undertaken because of a statement in the field notes that it had 
been seveied, but wdien exposed the neive appeared noiinal In the 
second (case 65, described latei) inteiuiption of conduction was still 
complete six months aftei the iiijui}. at which time it was consideicd 
that spontaneous regeneiation should have made its appearance if 
It w^ere going to do so The condition of the neive is described in the 
section devoted to the pathologic study Spontaneous icgcneration 
appeared thnteen to foit) weeks aftei neuiolysis and pioceeded to a 
satisfactor}^ conclusion 

The obsenations inaj be siimmaiized as follows 

1 The majority of lesions of the ladial ner\c icco\crcd spon- 
taneously and did not require exploration This is in accoid wnth the 
experience of others and accounts for the beneficial icsults often 
mcorrectl) attiibuted to neurolysis wdien this has been performed 
prematurely 

2 Conditions w^ere favorable for sutuie in less than one-half the 
cases in wdiich the condition of the nene w^as not knowm but in wdiich 
exploration was ultimately indicated 

3 The majority of the irreparable lesions w'cie due to gunshot 
injuries accompanied by fractuie of the humeius 

COURSE OF SPONTAKEOUS REGENERATION AND REGENERATION 

FOLLOWING SUTURE 

Piovided regeneration commences simultaneous!} qjnd advances 
at a uniform late in all the axons and that aftei then entiy into 
each m,uscle, the time taken foi the nerve fibei s to i eestablish functional 
relationships is approximately the same, it may reasonably be expected 
that the vai lous muscles should commence to contract m an oi dei which 
IS determined by the length of the fibers composing then motor branches 
from the site of injury to the muscle The older of motoi recoyeiy is 
usually, but not necessarily, that in which the motor branches leave the 
nerve, since the first branch to a muscle may not be the shoitest route 
to It 

The actual lengths of the motor fibei s to the paiticulai muscle they 
innervate, as measured along the nerve and its branches from a fixed 
point, were determined by dissection According to these measure- 
ments, the test muscles are customarily innervated m the order of the 
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brachioradialis, the extensor carpi radialis longus, the extensor digitorum 
communis and extensoi caipi ulnaris, the ahductor pollicis longus and, 
finally, the extensor pollicis longus In general the muscles were found 
to recover in this order Departures from this serial reinnervation 
took one of three foims 

1 Contraction in two neighboring muscles appeared simultaneously 
This could be attributed either to the fact that the distances to he covered 
by the regenerating axons in each case wei e equivalent or approximately 
so 01 to the fact that the difference between those distances was so 
small that the onset of recovery must have occurred in both muscles 
within the time interval between examinations 

2 Contraction appeared almost simultaneously over the entire pat- 
tern This usually occurred shortly after the injury was sustained and 
could be explained onlj’^ on the basis that the distal segment had not 
undergone wallerian degeneration and that after a period of quiescence 
the entire pattern reawakened to activity This form of lecovery is 
characteristic of simple compiession injuries 

3 There was a variation in the order of recovery of the muscle Four 
factois may be responsible for this variation, and these may operate 
singly 01 in combination 

(a) The axons to the muscle taking abnormal precedence in the 
ordei of recovery may have a shorter distance to travel than those 
to muscles customarily recovering before it The possible variations in 
the order of inneivation of individual muscles (estimated on the basis 
of the shoitest distances to each muscle from a fixed point on the 
radial nerve) have been repoited separately It is not uncommon, foi 
example, for the extensor carpi ulnaris to be innervated before the 
extensor digitorum communis — in this series the former recovered 
before the latter in 5 of the 31 cases Though Stopford - also recorded 
this variation, Seddon, Medawar and Smith ® did not observe it and 
erroneously concluded that on anatomic grounds it could not occur 

(h) Axons for more proximally innervated muscles may be delayed 
at the site of injury for a period longer than those destined for more 
distally supplied muscles The difference in the onset of regeneration 
at the site of injury must be sufficiently great to enable the latter to be 
reinnervated before the former 

(c) The site of injury may be such that the first, or higher, 
branches to a muscle, on which its early recovery depends, are directly 
involved, either severely or irreparably Reinnervation of this muscle is 
then dependent on more distal branches, when such are present, and 
this involves a longer route to the muscle By the time regenerating 
axons have covered this longer route muscles supplied by shorter 
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branches arising at higliei levels aic conti acting This, it is believed, 
accounts for the unusual delay occasionally seen in the i einnei vation of 
the brachioiadiahs after wounds involving the nerve in the finiow"* 

(d) All axons may not be iinohed to the same degiee This was 
well illustiated in case 114, in which the neive was injured 24 cm. 
above the level of the lateral epicondyle The extensoi caipi ladiahs 
longus was obsened to conti act nine veeks and the biachioiadiahs 
sixteen veeks aflei the injuiy The lecoveiy of the extensoi caipi 
radiahs longus nine veeks aftci the iiijuiy could not be explained on the 
basis of complete ^^allellan degeneiation occuiiing m the fibeis to that 
muscle with a subsequent axonal giowth distally unless this occuired 
at a late fai greater than that levealcd by any imestigation Furthei- 
moie, although m 3 of 20 specimens examined anatomically the fibers 
to the extensor carpi radiahs longus and the biachioiadiahs muscle 
were approximate!}' equal m length, in no case were the fibeis to the 
former shorter than those to the lattei 

The only adequate explanation foi the early ieco\er} of the extensor 
carpi radiahs longus is that the fibers supplMiig it had suffeied an injuiy 
of the t}'pe defined by Seddon® as neiii apraxia In the case of the 
brachioradiahs and the remaining muscles the onset of recoveiy was 
consistent with regeneration having followed complete wallerian degen- 
eration after a short initial delay at the site of the injuiy 

PATHOLOGIC STUDY 

Ohseiued Pathologic State — Details i elating to the wounds and the 
nature of the nerve injuiies are to be provided m another paper Only 
a brief account is necessary foi the purposes of the present discussion 

In tlie follow'ing 3 cases the nerve w'as sutured, and the times of 
recovery for the individual muscles (table 2) date fiom the time of 
suture 

Case 40 — There was complete severance of the nerve in the furrow, due ta 
a gunshot injury Secondary suture was done forty-four weeks later 

Case 180 — There was complete severance of the nerve in the furrow, due ta 
a bayonet injury The nerve was sutured thirty-eight days later 

Case 282 — ^There was almost complete severance of the nerve in the spiral 
groove due to injury from an ax Primary suture was done 

In the remaining cases complete interruption of conduction was followed by 
spontaneous regeneration In 22 cases the nerve was not seen In the rest the 

4 “Furrow” indicates the intermuscular furrow outlined between the brachialis 
muscle, medially, and the brachioradiahs and extensor carpi radiahs longus 
muscles, laterally 

5 Seddon, H J A Classificatio,n of Nerve Injuries, Brit M J 2 237-239, 
1942, Three Types of Nerve Injury, Brain 66’238-288, 1943 
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condition of the nerve was reported in the battle notes or at subsequent exploration, 
as follows 

Case 65 — Simple comminuted fracture of the upper third of the shaft of the 
right humerus was present The radial nerve was explored from the axilla to 
the spiral groove twenty-four weeks after the injury It was adherent to the 
humerus at the site of fracture and was freed with difficulty A small neuroma 
was situated just above the point vv'here the nerve was firmlj' adherent to bone, 


Table 2 — Tt7i!e and 0)der of Motoi Recovety m TJnrty-One Cases of Coniplete 
Interruption of Conduction of Radial Nerve 
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* I and S indicate significant infection and scamng, respectively 

t In this table, BR indicates brachioradialis, B C B L , extensor carpi radialis longuo 
E B O , extensor digitorum communis, ECU, extensor carpi ulnaris, A P L , abductor pollicis 
longus, and E P L , extensor pollicis longus 

t The muscle was originally paralyzed but was contracting when I first examined it 


and a second neuroma was observed 2 5 cm above this Between the neuromas 
the nerve was much thinned out Stimulation of the nerve immediately above and 
below the neuromas produced no response Excision of the involved segment 
was demanded, but this would have necessitated the insertion of a graft, and, 
in the anticipation that the neurolysis might encourage regeneration, further repair 
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work on the nerve was abandoned Spontaneous rcgenciation appeared 13 to 
40 weeks later and pioceedcd to a satisfactory conclusion 

Case 202 — The nerve was obseived in the fuiiow and appealed normal 

Case 203 — There w'cre contusion and superficial laceiation of the nci\c in 
the furrow' 

Case 231— It was lepoitcd that the nerve was torn and a piece blown avvaj 
On the basis of this information, and since no contraction could be detected clini- 
cally, the nerve was explored twcntj-six weeks after the injurv It was observed to 
be in continuity and appeared normal, and stimulation above the level of injury 
resulted in feeble contraction of the brachioradialis The original report was 
obv'iously incorrect 

Case 244 — ^The nerve was traumatized and hemorrhagic in the spiial groove 
but was not severed 

Case 264 — The nerve was reported to be completelj severed m tlic furrow 
No repair was effected The lesion appeared to be complete clinically The 
subsequent progress of iccovcry, which terminated in complete rcstoiation of 
function, suggested that the sev'ered nerve seen was not the radial nerve 

Deduced Pathologic State — An assessment of the natuie of the neive 
injury was attempted on the basis of the coutse of legeneiation In 
cases 18, 64, 65, 72, 79, 97, 100 and 195 iheie were insufficient data 
available to permit this 

The course of motoi legeneiation m cases 214, 232 and 234 closely 
resembled that following simple compression injuiies of the ladial 
nerve In these 3 cases and in the gioup of cases of simple compiession 
injury muscles innervated at different distances fiom the site of mjuiy 
burst into activity simultaneously The accumulated evidence, both 
clinical and experimental, supports the belief that the histopathologic 
changes leading to interruption of conduction m simple compression 
injuries must diffei in some lespects at least from the changes seen 
after a breach of continuity of the nerve fibeis These changes are 
reversible and appaientl) do not involve walleiian degeneiation 

The observations in the 3 cases mentioned, howevei, differed from 
those in cases of simple compression injuiies in certain impoitant par- 
ticulars 

(a) The length of the quiescent peiiod was greater than that 
observed in any of the cases of simple compiession injury The present 
observations suggest that nerves may cease to conduct for 63 days 
and yet reawaken to activity without invoking any of the changes 
associated with wallerian degeneration and the regeneiative process 
which follows it 

(b) In all 3 cases the superficial radial nerve was involved (in case 
234 the dorsal cutaneous nerve of the forearm was independently 
divided) Sensation in the field of the superficial radial nerve was still 
defective sixty, seventy-three and forty-five weeks after the lesions, 
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which was long after motor recovery was complete The occurrence and 
persistence of sensory defects are in contrast to the condition obtaining 
m cases of simple compiession injuries, m which sensation is usualh 
undisturbed As has been pointed out, howevei (Sunderland ^), sensoi) 
defects do appear with the more severe simple compiession injuries, and 
when, they are well established restoration of full motor function is 
considerably delayed The present observations confirm this 

(c) Wasting persisted longei than with injuiies due to simple 
compression Estimation of wasting which could be definitely attiibuted 
to the lesion of the radial nerve was not possible in cases 232 and 234, 
owing to the piesence of an associated lesion of the median nerve In 
case 214 wasting, which could be attiibuted to the lesion of the neive, 
was still present to the extent of 1 1 cm above and 2 cm below the 
lateral epicondyle sixty weeks after the injury Wasting was observed m 
the cases of simple compression injury, but in no case did it persist foi 
this length of time 

(d) Recoveiy of motor power was slow In cases 232 and 234 
there was an associated lesion of the median neive So far as could be 
ascertained in the presence of this complication, motor powei was 
restored to normal thirty-one (case 232) and thirty-two (case 234) 
weeks after the injury In case 214 the average dynamometric readings 
for the grip sixty weeks after the injury were 270 and 330 millimeters 
for the right and left hands, respectively (the patient was right handed) 
The slow recovery of power was a feature of these cases On the other 
hand, rapid restoration to full pow'er was a featuie of the cases of 
simple compression injury 

These 3 cases present features which are implied in the terms 
“neurapraxia” and “axonotmesis,” as defined by then originators 

The peisistence of weakness, wasting and sensoi y defects for consid- 
erable periods after the injury indicated an mtraneural disturbance of 
sufficient seventy to result m peripheral degeneiation followed by 
delayed or incomplete regeneration of all the fibers destined for each 
motor and sensory unit The course of the regeneiation indicated that 
there had been little, if any, disturbance of the mtraneural fascicular 
pattern, though the persistence of residual sequelae maj be evidence 
that this had occurred in some small measure All these features are 
characteristic of the type of injury refeired to by Seddon ® as axonot- 
mesis 

On the other hand, evidence of a neurapiaxic state w^as i effected 
in the recovery of muscles which occurred eithei simultaneously or 
within sufficiently brief intervals to exclude recovery on the basis of 
axons advancing distally over different fiber-lengths, and m the 
rapidity of recovery m individual muscles wffiich were innervated 
at such distances from the lesion that this recovery could not possibly 
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have been due to the giowth of axons at anything appioaching the 
estimated rates Ho^^ever, the consideiable delay (up to sixty-three 
days) in the onset of motor ieco\ery in cases which otheiwise confoim 
to this type is an unusual feature, and if they aie to be included in the 
neurapraxic gioup the definition ot the latter should be extended to 
include delated motoi lecovery 

It nould thus appear that in cases 214, 232 and 234 theie nas a mixed 
lesion, in which the gi eater proportion of the total number of fibeis 
to eiei} muscle sufleied a prolonged axoplasmic disturbance not lead- 
ing to peripheral degeneration, nhile the lemainder sufteied a sufficiently 
seveie injuiy to lead to nallerian degeneration 

A stud} of the rate and order of motor legeneiation in conjunction 
V ith the level of the lesion m cases 27, 1 14, 202 and 244 indicated that 
the injury was not uniform thioughout the nerie The early lecoveiy of 
certain muscles and the Older of that ieco\cr\ could be explained oiih 
on the basis of delaj ed concussion or neurapraxia, while the coui se of 
legeneiation pursued by the others was m confoimit} with the intra- 
fascicular interruption of fibers, which has been termed axonotmesis 

The tune and order of recovery of the muscles m cases 69 and 99 
suggested that nallerian degeneration had preceded regeneration but 
that the fibers and tissues at the site of injury were not uniformly 
iiivoh ed, as a result of which some fibei s preceded othei s m the regen- 
eratne process 

The manner in r\hich recovery appeared, the late and order in 
which It proceeded and the end result in cases 77, 106, 118, 161, 185, 
203, 231 255, 258, 264 and 317 w'ere pi oof of a lesion of the type 
defined as axonotmesis Though the lesions w^eie not of equivalent 
severity in these cases (see later section), the evidence indicated that 
all the fibers and tissues at the site of injury were in each individual 
case damaged to approximately the same degree, the changes involving 
peripheral degeneration, with the subsequent spontaneous leinnerva- 
tion of the distal segment 

A comparison of the observed and the deduced pathologic condition 
of the ner\^e and the onset of recovery m each muscle m cases 202, 203 
and 244 suggests that the appearance of the nerve at the tune of injury 
is a fairly reliable guide to the probable duration of the entire regenera- 
tive process, though it is not necessarily an accuiate guide to the condi- 
tion of individual fibers, since neurapraxia may occur with what appear 
to be severe miuiies and axonotmesis m nerves wdnch seem to be normal 

RATE OF REGENERATION 

Method — ^The methods at present available for estimating rates of 
regeneration in peripheral nerves in man following iiijurj hav^e recently 
been summarized by Seddon, Medawar and Smith “ 
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In the present investigation an additional method has been employed 
foi calculating the rate of regeneration of motoi axons It is based on 
the time interval between the injury and the onset of recovery in two 
muscles and the shortest distance to each of them from the site of 
injury 

The equation for estimating the rate of regeneration is derived in the follow- 
ing manner (figure) 



Diagram showing factors in derivation of equation for estimating rate of regen- 
eration of the radial nerve 

A IS a. point on the nerve proximal to the site of origin of its branches 
y ^ equals the shortest distance to Mp the more proximally supplied of two 
muscles, from the point A 

V ~ equals L,~ the shortest distance to Mp the more distally supplied of two 

muscles, from the point A 

V I and z ^ are the intramuscular distances in M i and M,~ respectively, which must 

be covered by regenerating axons before voluntary contraction is 
possible 
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Ji and T- represent the times elapsing, in days, between the injury and the 
appearance of contraction in M ^ and il/,- respectively 

d and D represent the initial delays elapsing before regeneration commences in 
axons destined for M ^ and M,- respectively 

1 1 and i - are the times elapsing subsequent to the entry of axons into M ^ and 
Jl/,= respectiveh, and betore functional neuromuscular relations are 
reestablished and voluntaiy contraction is possible 

The regenerating axons, therefore, tiavel 5 ™ti in 7' ^ — (d -f H) 

days and (y + - + -^) mm in T - — (D + i-) tlavs 

Assuming that 

(a) The delaj at A, the site of injury oi suture, is the same for 
regenerating axons destined for M ^ and M - 

{b) The time taken by regenerating axons to travel the same distance 
in nerve fibers for different muscles is the same 

(c) The distance w'liich must be covered intramuscularly (r ^ and 2 ^) 
and the time {t ^ and / -) elapsing in each instance before functional 
neuromuscular lelations aie reestablished and voluntary contraction is 
possible are identical 
it may be inferred that 

The time taken to travel (y + — (y + mm is T~ — days 

Since (y + r) and (y + are the shortest loutes to M- and Jl/ S respectively 

The rate, R, m millimeters per daj = — 

Values for the lengths and were obtained foi a scries of muscles from 
an anatomic investigation of the radial, median, ulnar and sciatic nerves in 
20 specimens These will be reported separately The lengths were measured 
directly along the nerve and its branches between a fixed point on the former 
and the site of entry of the branch into the muscle and in the case of multiple 
branches over the shortest route to the muscle The exact position of the fixed 
point IS, however, immaterial, since the distance along the nerve from it to the 
origin of the branch destined for the more proximally innervated muscle is common 
to the measurement for both the proximal and the distal muscles 

Values for the times, T^ and T”, calculated in dajs from the time of injury 
to the onset of recovery in the muscles were obtained from clinical studies of selected 
cases of peripheral nerv^e injuries in which the following conditions obtained 

1 Interruption of conduction was complete and associated with wallenan 
degeneration 

2 The onset and progress of recovery were such as to indicate uniform involve- 
ment of the fibers at the site of injury 

3 The onset and progress of recovery were such as to support the hypothesis 
that the axons commenced to regenerate at approximately the same time 

4 Any departure from the normal order of recovery could be satisfactorily 
explained on the basis of established anatomic variations 

In this way, factors which would invalidate the assumptions on which the equa- 
tion depends were reduced to a minimum or were entirely eliminated 

It should be emphasized that this method is concerned only with the rate of 
growth of functionally mature fibers, since it depends on estimates of the progressive 
reestablishment of function In common with all others, it neglects the distance 
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Table 3 — Mcasia emails of Rates of Regena aiwn of Radial Nave — Coniimicd 


C Rites of Regenerntion, In Millimeters per Da\ 

Axonotincsis 


Nerve Segment 



Mean Rate 

Rate 

Rate 

Suture 

Over Wliieh Rite 

Distance, 

Time, a , 

from Jlcan 

from L-i- 

from L— 

(3 Cases 

Was Estimated 

L, in Jim 

in W eLk« 

L and T 

and T-^ 

and T— 

Onh ) 

BR toECRL 

25 ±14 

23 ±00 

1 6 

1 7 

1 1 


BR to E D 0 

l-’O ± 20 

91±22 

1 0 

1 S 

’ 1 


BR to ECU 

120 ± 21 

90±20 

1 0 

1 7 

2 3 


EORL to EDO 

'IS ± I'J 

75±17 

1 '1 

1 8 

1 9 

1 2 

EORL to ECU 

'>'±17 

74 ±25 

1 9 

1 0 

2 3 

12 

EDO to A P L 

15 ± 10 

2 0 ± 1 2 

07 

0 9 

0 1 

05 

ECU to A P L 

15 ± S 

2 7 ±1 2 

OS 

08 

07 

06 

EDO toEPL 

59 ±10 

07 ±25 

08 

0 9 

07 

07 

ECU toEPL 

o7 ± 1C 

() S ± 2 5 

08 

08 

07 

OG 

APB to E P L 

50±1S 

4 0 ± 2 2 

00 

10 

07 

07 


* In this table, BR indicates brachioradinlls, B C R L , extensor carpi radialis longus, 
EDO, extensor digltorum communis, ECU, extensor carpi ulnaris, A P L , abductor poliicis 
longus, and E P L , extensor poliicis longus 
t Value discarded 

which must be cotered intramuscularly by the regenerating axons before volun- 
tary contraction is possible and the time elapsing between the entry of axons into 
the muscle and the appearance of voluntary contraction Howeter, these factors 
are constantly present in all muscles, and, though thc> aic not necessarily 
equivalent, it is reasonable to assume that if any dissimilantx does exi«t it is 
so small as to be unimportant 

Since it cannot be assumed that the rate is constant over the entire length of 
the nerve, this method should not be employed for calculating rates betw'cen the 
first and the last muscle innervated by the nerve wdieii a considerable distance 
separates them The rates should be independentlj calculated for proximal and 
distal segments of the nerve, and muscles should be so selected that the distances 
between them are such that any diminution in rate w'hich would occur over them, 
and which would thereby invalidate the equation, is reduced to insignificant pro- 
portions or IS entirely eliminated In this investigation, the rate was calculated 
separately over the proximal (brachioradialis to extensor carpi radiahs longus, 
brachioradialis and extensor carpi radialis longus to extensor digitorum communis 
and extensor carpi ulnaris, respectively), intermediate (extensor digitorum com- 
munis and extensor carpi ulnaris to abductor poliicis longus) and distal (extensor 
digitorum communis, extensor carpi ulnaris and abductor poliicis longus to extensor 
poliicis longus) portions of the radial nerve No attempt was made to calculate 
, the rate of regeneration over extensive lengths, as would be the case if, for 
example, the brachioradialis and the extensor poliicis longus were used as the 
test muscles 

Advantages of the method here described are that it renders unnecessaiy a 
knowledge of the level of the injury and the delay occurring at that site before 
the commencement of regeneration Furthermore, the rate of regeneration can 
be estimated separately over different segments of the nerve by selecting muscles 
which are innervated at different levels, a condition wdiich, in turn, means that 
it is then possible to ascertain whether regeneration proceeds uniformly during 
the entire process or whether its rate diminishes progressively It is not possible, 
however, to estimate by this means the rate over that section of the nerve which 
is proximal to the origin of its first branch, since the portion of the nerve 
pattern over which the rate is estimated actually commences at a point on the 
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mam trunk which is distal to the origin of the branch to M ^ by the length of 
that branch 

The rate of regeneration can be estimated in any individual case, oi an average 
rate, calculated from mean readings for and T,- can be obtained from observa- 
tions in a large senes of cases With the former method the considerable and 
unpredictable range of ^arlatlons in the length of the shortest fibers to the same 
muscle in different persons must be taken into consideration This factor was 
not mentioned, and was apparentlj' disregarded, by Seddon, Medawar and Smith® 
when calcuating, by another method, their rates of regeneration When the rate 
IS calculated on mean readings for L and T in a large number of cases, as has 
been done m this study, it is believed that this unpredictable element is reduced 
to a minimum By averaging the lengths and times (L and T) for any group 
of muscles, those factors peculiar to an individual case which may influence the 
rate of regeneration are disregarded However, it is an average estimate of the 
rate of regeneration which is being sought, since, regardless of the method 
emploj'ed, the rate peculiar to anj individual case can be calculated only m 
retrospect — that is, after regeneration has advanced over suitable lengths of 
the nerve 

Values for L~ — L i for the radial nerve are given in table 3 A All measure- 
ments were made along the nerve and its branches from a point 10 cm above 
the lateral epicondyle 

Values for T - — are given in table 3B Onlv cases 77, 106, 161, 185, 
203, 231, 255, 258, 264 and 317 fulfilled the required conditions, while cases 40, 
140 and 180 proved suitable for a studv of rates of regeneration follow’ing nerve 
suture In the few instances in this series in which two to three weeks separated 
examinations muscles showing recoverv at the second examination were considered 
to have recovered mid wav between the two 

The mean rates of regeneration, calculated m millimeters per day between 
brachioradiahs and extensor carpi radialis longus, brachioradiahs and extensor 
digitorum communis, brachioradiahs and extensor carpi ulnaris, extensor carpi 
radialis longus and extensor digitorum communis, extensor carpi radialis longus 
and extensor carpi ulnaris, extensor digitorum communis and abductor pollicis 
longus, extensor carpi ulnaris and abductor polhcis longus, extensor digitorum 
communis and extensor polhcis longus, extensor carpi ulnaris and extensor polhcis 
longus, and abductor polhcis longus and extensor polhcis longus are given in 
table 3 C 

No attempt has been made to estimate, by the method here described, the 
standard deviations of the rates of regeneration over those portions of the nerve 
pattern investigated How'ever, in studying the possible influence of the standard 
deviations of the lengths and of the times, which have been recorded, on the rates 
of regeneration, it seems reasonable to assume that in the regenerative process 
high and low values for the times would most probably correspond to high and 
low values, respectively, for the lengths Calculations have been made on this 
basis, and the estimated rates for the high and low^ values of the lengths and 
times, respectively, have been included with the mean rates m table 3 C 

Results — Except for a pronounced discrepancy in the rates cal- 
culated over the poitions of the nerve pattern from extensor digitoiuin 
communis and extensor carpi ulnaris to abductor polhcis longus, theie 
was little variation m the three lates calculated for each and corre- 
sponding portions of the nerve A possible explanation of this dis- 
crepancy is the unusually high value obtaining for the lengths extensor 
digitorum communis and extensoi carpi ulnans, i espectiv^ely, to abductoi 
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pollicis longus in 1 specimen (case 14), since when this specimen was 
discarded foi the pen poses of estimating the late of legeneiation o\ei 
these two portions of the neivc (as w^as done in calculating the rates 
lecorded m table 3 C) the thiee calculated lates then appioximated 

Comment — Fiom these lesults it is suggested that the mean late 
over the proximal poitions of the pallet n is gieatei than that ovei the 
distal portions and that the dilTeience m the mean lates is sufficiently 
gieat to indicate that theie is a piogiessive diminution m late as 
legeneration adrances It would appeal how^evei, that m the initial 
stages the late diminishes lapidly o\ei the pioxtmal poitions of the 
nerve and then, fifty to one hundied da}s after the fiist appeal ance 
of recover}'^, becomes i elatn ely constant at 0 8 mm pei dai ovei Ibe 
distal portions 

Though It IS not justifiable to draw dogmatic conclusions on the basis 
of 3 cases, the eridence would suggest that the late of regeneiation fol- 
low’ing sutuie is, in the initial stages at least, less than that follownng 
axonotmesis but that later, one hundred to one hundred and fifty days 
after the first appeal ance of recovet y, the rate approximates that fol- 
lowing axonotmesis 

Seddon, Medaw'ar and Smith ^ infeiied fiom their calculations that 
"‘the rate of regeneiation is initially as high as 3 mm a day, and that 
It falls off progressneh dowm to and then below a \alue of the ordei 
of 1 mm a day about 100 days after recovery has started " However, 
they concluded that the rate could be regarded as “constant over the 
moderate ranges of time and distance over wdiich the piocess was 
recorded m the great majority of the cases described” With then 
method for estimating rates of regeneration, they recorded lates of 
1 6 =h 0 2 mm per day following suture and of 1 5 ±: 0 1 mm pei day 
in cases of axonotmesis These values aie in ceitain lespects at variance 
with the results m this investigation On the basis of data obtained 
from Stopford’s records, these authors calculated that the late of legen- 
eration follownng sutui e w as 0 56 ± 03 mm per day, wdiich appi oxi- 
mates the rate calculated over the distal portions of the sutui ed iieives 
in the present study 

There was no significant lelationship betw^een the age of the 
patient (in this senes the ages varied fiom 19 to 30 yeais) and the 
course of regeneration, and therefoie it was not possible to determine 
whether or not regeneration proceeds at a faster rate in young persons 

LATENT PERIOD INTERVENING BETWEEN TIME OF INJURY 
AND ONSET OF RECOVERY 

The follownng infoimation has been correlated in table 4 (a) the 

agent responsible for the injury, (b) the level of the mjuiy with ref- 
erence to the lateial epicondyle, (c) the degree of infection and scan mg, 
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though the wound was not intected, the lesidual scarring was consid- 
eiable In case 40 there was a consideialdc degiee of infection of the 
wound in the initial stages and scan mg, while secondary suture was 
not pel formed until eleven months after the injury However, con- 
sidering the complications opeiatmg m cases 40 and 180, the difference 
m the periods of delay is lemarkably small A possible explanation ot 
this IS that a -well executed suture, m the absence of infection, converts 
the lesions in all cases into mjuiies of equivalent severity Hie data 
m case 40 also indicate that a delay of eleven months before suture did 
not materially influence eithei the initial dela\ oi the course of regen- 
eration 

Comment — Fiom the data available, it would appeal that the dura- 
tion of the initial delay is a measure of the severity of the nerve lnJur^ 
In establishing this lelationship, the obseiiations m the simple fiacturc 
and suture gioups were of paiticulai significance 

In the simple tiactuic gioiip infection and scan mg W'erc absent, 
and the loentgenographic and clinical data indicated that the nenc 
had been damaged at a coiiespondmg level m all 3 cases From the 
natuie ot the causative injun and tlie Older and rate of regeneration 
wdiich corresponded closely in all 3 cases, it appeared that the extent 
of the injuiy was similar and of minimal degiee in each case The 
initial delay was appi oxunately 10, 10 and 7 weeks, respectiveh 

The course of legeneration m case 118, of the gunshot w’ound 
group, in which there were significant infection and scarring, closel} 
resembled that observed in the simple fracture gioup It seems reason- 
able to assume, theiefore, that the extent of the injury in this case 
w^as similar and that infection and local scai i mg had pro\ ided no 
obstacle to legeneiation 

Though the causative injuijq the condition of the w'ound and the 
interval betw’^een the injurj^ and the time of sutuie varied w'ldely ni 
the cases comprising the suture group, the couise of legeneration 
coi 1 esponded faiily closely nr the 3 cases Heie, disregarding the influ- 
ence of infection and local scarring, the injui} was kirowur to be 
maximal in extent and the initial delays obsened weie 14, 15 9 and 
16 6 w^eeks, respectively The calculated initial dela 3 'S m cases 100, 106 
203 and 258 appi oxiinated those m the suture group Piesuinably, ni 
these cases the injury w'as of gi eater sever it\ than that observed in the 
simple fracture group 

Betw^een these twm groups will be found all mtei veiling grades of 
severity of injury, which will account foi intermediate rariations in the 
initial delays Thus, m cases of axonotmesis the seveiei the injury the 
closer will the couise of regeneration approximate the sequence of 
events following suture 
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The observed initial dela} in case 231 vas 32 weeks This was 
the extreme maximum delay obseived and vas not appioached m 
any other case Its piesence, ho\\evei, is sufficient to indicate that 
delays beyond 17 weeks do occui 

Seddon, Meda\\ai and Smith ' claimed that “ theie is no doubt 
whatever that the latent peiiod aftei sutuie is longei than that aftei 
axonotmesis” An examination of the initial delays lecoided in table 4 
piOMdes evidence that this is not mvaiiabh the case 

iicrLUEXCE or duration or lmi:m period on subsequent 

COURSE or REGENER\TION 

The couise of legeneiation subseciuent to the onset of lecoveiy 
may be expiessed m teims of the time taken to lemneivate the entire 
pattern as measured fiom the onset ol lecovei} m the first and the 
last muscle to lecover This peiiod vaiied fiom 11 to 23 weeks It nas 
minimal m the simple fracture gioup and maximal m the sutuie group 

There are four possible explanations of the obseived differences in 
the time taken to remnei vate the pattei n 

1 The linear extent of the pattern is known to vary over nide 
limits m different persons The lecorded differences are of such 
magnitude that these alone could account foi the obseived differences 
m time 

2 The late of legeneiatioii may vary m diffeient Iversons It is 
extremely unlikely that the rate is a constant one, though the possible 
lange of \ariations is unknown It is impiobable, however, that this 
factor alone nould account for the obserced diffeiences m the time 
taken to reinnervate the pattern 

3 Some nerve fibers may be more se^elel} damaged than others, 
and this may introduce a variation m the initial delay for different 
fibers That this may occur has been deduced fiom the sequence of 
events following the injury in cases 27, 69, 99, 114, 202 and 244, in 
which the order of recovery was so deranged that the cases were dis- 
caided foi the purposes of this investigation To explain the vaiiations 
in the time taken to reinnervate the entire pattern on this basis, the 
onset of regeneration in the fibeis destined foi eithei the first or the 
last muscle to recover, oi both, must be delayed, though not in such a 
way as to disturb the normal seiial ordei of recovery 

4 It may be that the ovei-all late of regeneration is slower in 
cases in which the initial delay is longei, that is, in cases in which 
the injur} has been more seveie but in which it has, nevertheless, been 
equally distributed over all the fibers at the level of the injury 

If the duration of the initial delay is any guide to the severity of 
the injury, and there is some evidence to indicate that it is, then it 
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mam trunk which is distal to the origin ol the branch to il/i by the length ol 
that branch 

The rate of regeneration can be estimated in any individual case, or an average 
rate, calculated from mean readings for and T,- can be obtained from observa- 
tions in a large series of cases With the former method the considerable and 
unpredictable range of \ariations in the length of the shortest fibers to the same 
muscle m different persons must be taken into consideration This factor was 
not mentioned, and was apparently disregarded, by Seddon, Medawar and Smith ^ 
when calcuating, by another method, their rates of regeneration When the rate 
IS calculated on mean readings for L and T in a large number of cases, as has 
been done in this study, it is believed that this unpredictable element is reduced 
to a minimum By averaging the lengths and times (L and T) for any group 
of muscles, those factors peculiar to an individual case which may influence the 
rate of regeneration are disregarded How'ever, it is an average estimate of the 
rate of regeneration which is being sought, since, regardless of the method 
employed, the rate peculiar to any individual case can be calculated only m 
retrospect — that is, after regeneration has advanced over suitable lengths of 
the nerve 

Values for L - — L i for the radial nerve are given in table 3 A All measure- 
ments were made along the nerve and its branches from a point 10 cm above 
the lateral epicondyle 

Values for T- — 1 ^ are given in table 3B Onlv cases 77, 106, 161, 185, 
203, 231, 255, 258, 264 and 317 fulfilled the required conditions, while cases 40, 
140 and 180 proved suitable for a studv of rates of regeneration following nerve 
suture In the few instances in this series in which two to three weeks separated 
examinations muscles showing recovery at the second examination were considered 
to have recovered midway between the two 

The mean rates of regeneration, calculated m millimeters per day between 
brachioradialis and extensor carpi radialis longus, brachioradiahs and extensor 
digitorum communis, brachioradiahs and extensor carpi ulnaris, extensor carpi 
radialis longus and extensor digitorum communis, extensor carpi radialis longus 
and extensor carpi ulnaris, extensor digitorum communis and abductor pollicis 
longus, extensor carpi ulnaris and abductor polhcis longus, extensor digitorum 
communis and extensor polhcis longus, extensor carpi ulnaris and extensor polhcis 
longus, and abductor polhcis longus and extensor polhcis longus are given in 
table 3 C 

No attempt has been made to estimate, by the method here described, the 
standard deviations of the rates of regeneration over those portions of the nerve 
pattern investigated However, in studying the possible influence of the standard 
deviations of the lengths and of the times, which have been recorded, on tlie rates 
of regeneration, it seems reasonable to assume that in the regenerative process 
high and low values for the times would most probably correspond to high and 
low values, respectively, for the lengths Calculations have been made on this 
basis, and the estimated rates for the high and low values of the lengths and 
times, respectively, have been included with the mean rates in table 3 C 

Restilfs — Except for a pronounced discrepancy in the rates cal- 
culated over the portions of the nerv'e pattern fiom extensor digitoium 
communis and extensoi caipi ulnaris to abductor polhcis longus, there 
was little variation in the three lates calculated for each and coi re- 
sponding portions of the nerve A possible explanation of this dis- 
crepancy IS the unusuallv high value obtaining for the lengths extensoi 
digitorum communis and extensoi carpi ulnai is, i espectively to abductoi 



SUNDERLAND— REGENERATION OF MOTOR FIBERS 149 


polhcis longus in 1 specimen (case 14), since i\hen this specimen was 
discaided for the pui poses of estimating the late of legeuciation ovci 
these two portions of the nerve (as was clone m calculating the rates 
lecorded in table 3 C) the thiee calculated lates then appioximated 

Comment — Fiom these lesults it is suggested that the mean late 
over the pioxiiiial poitions of the pattern is gieatei than that over the 
distal portions and that the diffeience m the mean lates is sufficiently 
gieat to indicate that theie is a piogiessive diminution m late as 
legeneration advances It would appeal howevei, that in the initial 
stages the late diminishes lapidly o\ci the pioximal poitions of the 
nerve and then, fifty to one hundred days after the fiist appeal aiicc 
of recovery, becomes i elatn ely constant at 0 8 mm pei dai over the 
distal portions 

Though It is not justifiable to dran dogmatic conclusions on the basis 
of 3 cases, the evidence vould suggest that the late of legeneiation fol- 
lowing suture IS, m the initial stages at least, less than that following 
axonotmesis but that later, one bundled to one hundred and fifty days 
after the first appeal ance of recoveiy, the late approximates that fol- 
lowing axonotmesis 

Seddon, Medawar and Smith ® infei red from their calculations that 
'‘the rate of regeneiation is initially as high as 3 mm a day, and that 
It falls off progressive!) down to and then below a value of the ordei 
of 1 mm a day about 100 days after recovery has started ” However, 
they concluded that the rate could be regarded as “constant over the 
moderate ranges of tune and distance over which the piocess was 
recorded in the great majority of the cases described ” With then 
method for estimating rates of regeneration, they recorded lates of 
1 6 ± 0 2 mm per day following suture and of 1 5 ±: 0 1 mm per day 
in cases of axonotmesis These values aie in certain respects at vaiiance 
with the results in this in-vestigation On the basis of data obtained 
from Stopford’s records, these authors calculated that the late of legen- 
eration following sutuie was 0 56 ±: 03 mm per day, which appioxi- 
mates the rate calculated over the distal portions of the sutuied neives 
in the present study 

There was no significant relationship between the age of the 
patient (in this series the ages varied from 19 to 30 yeais) and the 
course of regeneration, and therefoie it was not possible to determine 
whether or not regeneiation proceeds at a faster rate in young persons 

LATENT PERIOD INTERVENING BETWEEN TIME OF INJURY 
AND ONSET OF RECOVERY 

The following infoimation has been correlated in table 4 (a) the 

agent responsible foi the injury , (&) the level of the injuiy with ref- 
erence to the lateral epicondyle, (c) the degree of infection and scan mg, 



150 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 

(d) the time taken foi the first and the last muscle to ieco\er, togethei 
with the interval between these periods, and (<?) the calculated initial 
delay, m weeks, occurring at the site of injury 

It IS believed that in cases 77, 161 and 317 the ner\e ^\as damaged 
where it passed through the lateial intei musculai septum — anatomic 
studies have placed this point appioximately 10 cm above the lateial 
epicondyle The nerve was sutured m case 282 at the distal end of the 
spiral groove and m cases ISO and 40 immediateh above and below 
the supply to the brachioradialis, i espectiv'^ely 

The latent peiiod preceding the onset of lecovei} comprises and is 
determined by (a) the initial delay, t, occuinng at the site of injuiy and 
(b) the time, P, taken by the regenerating axons to advance fiom that 
point to the first muscle recovering The level ot the injury will influ- 
ence the second component but not necessaiily the first Allowing for 

Table 4 — Shortest Distances (in Milhmetei s) to Muscles Supplied hx the 

Radial Nerve * 


Measurements Taken 
from Point 10 Cm 


Above Lateral Measurements Taken from 

Epicondyle t Lateral Epicondyle t 

' \ , * • 



BR 

E ORL 

ECU 

EDO 

APL 

E PL 

Mean 

82 

105 

102 

102 

114 

139 

Standard deviation 

15 

11 

20 

21 

21 

23 


* These measurements vrere employed In calculating the initial delaj 

t In this table, BR indicates brachioradialis, E C R L , extensor carpi radialis longus 
EDO, extensor digitorum communis, EOU, extensor carpi ulnnrls, \PL, abductor pollicis 
longus, and E P L , extensor pollicis longus 


the differences in the level of the lesion, initial dela} s of short and long 
duration pioduce an early and a late onset of lecoveiy, respectively 
Component P can be calculated from the distance from the site of 
injury to the first muscle contracting and the estimated rate of regenera- 
tion The shortest distances to the muscles supplied by the radial nerve 
were measured in 20 specimens directly along the nerve and its 
branches between a fixed point on the formei and the site of entry of 
the branch into the muscle Measurements relevant to this paper are 
given in table 4, and from these the distance from the site of the injury 
to the first muscle contracting can be calculated piovided the 
level of the injury is known with reference to the fixed point Ovei the 
proximal sections of the nerve, between the brachioradialis and extensor 
carpi radialis longus, above, and the extensoi digitorum communis, 
below, the rate has been found to be 1 9 mm pei day Since, howevei , 
the rate has been shown to dimmish progressive!} as regeneration 
proceeds, it is conceivable, and extremely likely, that the growth may 
be more rapid at higher levels than at those for which the rate of 1 9 mm. 
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^vas obtained Since the rate for the section of the nerve between the 
level of the injury and the biachioradialis could not be calculated, that 
of 1 9 mm per daj has been employed in calculating F in all cases 
The initial delay ma} be calculated from the latent period and F 
This was done in 15 cases, and the values aie given in table 5 In the 
absence of additional cases of suture fiom which to obtain a moie 


Table 5 — J'alucs joi luUwI Delay in Rcgeiioatwn in Fifteen Cases of Injury 

to Radial Nave 



Lo\ el of 
Injury, 

Infee 

Scar- 

Initial 
Dela j , 

Pirst 

Contrac 

tion, 

Last 

Con- 

traction, 

Differ 

Kature oi Injur\ 

Cm 

tion • 

ring * 

Weeks 

Weeks 

Weeks 

once 

Axonotmesis 

Simple fracture 

Case 77 

10 0 

Isil 

Nil 

98 

10 

27 

11 

Case 161 

10 0 

Ml 

Nil 

68 

13 

28 

15 

Case 317 

10 0 

^il 

Ml 

98 

10 

29 

13 

Gunshot -wound 

Case 185 

12 0 

^il 

Nil 

63 

14 

30 

10 

Case 203 

90 

Ml 

Nil 

14 0 

20 

31 

11 

Case 255 

20 

I 

S 

8 0*“ 

8 

20 

18 

Case 261 

10 

Ml 

S 

12 9 

14 

34 

20 

Gunshot -wound fracture 

Case 231 

12 5 

I 

S 

32 0 

40 

50 

10 

Case 118 

90 

I 

S 

10 0 

16 

28 

12 

Case 100 

75 

I 

s 

17 0 

23 

32 30 

9-13 

Case 100 

5 0 

I 

s 

14 6 

17 

30 

19 

Case 25S 

5 0 

I 

s 

15 6 

13 

37 

19 

Suture 

Laceration 

Case 2S2 

12 5 

Nil 

Nil 

14 0 

22 

45 

23 

Case 180 

40 

Ml 

S 

10 0 

20 

42 

22 

Gunshot -wound 

Case 40 

50 

1 

S 

15 9 

20 

40 

20 


* I and S indicate Eigniflcant inlection and scarring:, respectively 


precise average rate of regeneration, that of 1 9 mm was employed in 
calculating the initial delay m the 3 cases of suture studied in the 
present investigation 

Imtml Delay Following Axonotmesis — The level of the lesion has 
apparent!}- no effect on the duration of the initial delay 

In general the variation in the calculated initial delays may be 
accepted as an expression of the relative severity of the injury in each 
case The delaj vas, as a rule, of longer duration in cases m which 
the lesions were due to gunshot injuries, particularly when these were 
associated with compound fractures of the humerus and considerable 
infection and scarring Cases 118, 185 and 255, however, are exceptions 
Initial Delay Following Suture — ^This varied from 14 to 16 6 
weeks The shorter interval (14 weeks) in case 282 could be 
attributed to the fact that the wound was clean and the nerve was not 
completely severed and was sutured at the time of the injury In case 
180 the nerve vas sutured thirty-eight days after the injury, and, 
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though the wound was not infected, the residual scarring was consid- 
erable In case 40 there was a considerable degiee of infection of the 
wound in the initial stages and scarring, while secondary suture was 
not performed until eleven months after the injury However, con- 
sideimg the complications operating m cases 40 and 180, the difference 
m the periods of delay is lemarkably small A possible explanation of 
this is that a well executed suture, m the absence of infection, converts 
the lesions in all cases into mjuiies of equivalent severity The data 
m case 40 also indicate that a delay of eleven months before suture did 
not materially influence eithei the initial delay oi the course of regen- 
eration 

Comment — From the data available, it would appear that the dura- 
tion of the initial delay is a measuie of the severity of the nerve injury 
In establishing this relationship, the observations in the simple fractuie 
and sutuie groups were of particular significance 

In the simple fiactuie gioup infection and scarring were absent, 
and the roentgenographic and clinical data indicated that the nerve 
had been damaged at a coriespondmg level m all 3 cases From the 
nature of the causative injuiy and the oidei and rate of regeneration 
which corresponded closely m all 3 cases, it appeared that the extent 
of the injury was similar and of minimal degiee in each case Ihe 
initial delay was approximately 10, 10 and 7 weeks, respectively 

The course of regeneration m case 118, of the gunshot wound 
gioup, m which there were significant infection and scarring, closely 
resembled that observed m the simple fracture gioup It seems reason- 
able to assume, therefore, that the extent of the injury in this case 
vas similar and that infection and local scarring had provided no 
obstacle to regeneration 

Though the causative injury, the condition of the wound and the 
mteival between the injury and the time of sutuie varied widely in 
the cases comprising the suture group, the course of legeneiation 
conesponded fairly closely in the 3 cases Here, disregarding the influ- 
ence of infection and local scarring, the injuiy ■\\as known to be 
maximal in extent and the initial delays obseiwed were 14, 15 9 and 
16 6 weeks, respectively The calculated initial delays m cases 100, 106 
203 and 258 appioximated those m the suture group Presumably, in 
these cases the injury was of greater severity than that observed in the 
simple fracture group 

Between these two groups will be found all intervening grades of 
severity of injury, vhich will account for intermediate variations in the 
initial delays Thus, m cases of axonotmesis the seveier the injury the 
closer will the course of regeneration approximate the sequence of 
events following suture 
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The observed initial delay in case 231 was 32 weeks Ihis ^^as 
the extreme maximum delay observed and was not appioached m 
any othei case Its presence, ho^^ever, is sufficient to indicate that 
delays beyond 17 weeks do occui 

Seddon, Meda^^al and Smith claimed that “ theie is no doubt 
whatevei that the latent peiiod aftei sutuie is longer than that aftei 
axonotmesis” An examination of the initial delays lecorded in table 4 
pioMdes evidence that this is not iinaiiably the case 

INFLUENCE or DERATION OF LATENT PERIOD ON SLBSEQUENT 
COURSE or REGENERATION 

The couise of legeneiation subsequent to the onset of recoveiy 
may be expiessed in teims of the time taken to lemnervate the entiie 
pattern as measuied fiom the onset ol lecoveiy m the first and the 
last muscle to recover This pei lod vai led fi om 11 to 23 weeks It was 
minimal m the simple fracture gioup and maximal in the suture group 

Theie aie four possible explanations of the obseived differences in 
the time taken to remnei vate the pattei n 

1 The linear extent of the pattern is known to vary over wnde 
limits m different persons The recoided differences are of such 
magnitude that these alone could account for the observed differences 
in time 

2 The late of legeneiation may vary m different persons It is 
extremely unlikely that the rate is a constant one, though the possible 
lange of variations is unknown It is improbable, however, that this 
tactor alone w^ould account for the obseived diffeiences m the time 
taken to reinnervate the pattern 

3 Some ner\^e fibeis may be moie seteiel} damaged than others, 
and this may introduce a variation in the initial delay for different 
fibeis That this may occur has been deduced from the sequence of 
events following the injury in cases 27, 69, 99, 114, 202 and 244, m 
which the order of recovery was so deranged that the cases were dis- 
carded for the purposes of this investigation To explain the variations 
in the time taken to reinnervate the entire pattern on this basis, the 
onset of regeneration m the fibeis destined foi either the first or the 
last muscle to recover, or both, must be delayed, though not in such a 
way as to disturb the normal serial order of recovery 

4 It may be that the over-all rate of regeneiation is slower in 
cases in wffiich the initial delay is longei, that is, in cases in which 
the injury has been more severe but m wdnch it has, nevertheless, been 
equally distributed over all the fibers at the level of the injury 

If the duiation of the initial delay is any guide to the severity of 
the injury, and theie is some evidence to indicate that it is, then it 
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might justifiably be expected that initial delays of long duration would 
be associated with the longer periods taken to reinnervate the pattern 
Reference to table 4 will show that in general this is so, particularly 
in the suture group, in which the injury is maximal in degree 

There are cases, however, which demonstrate that an eaily or late 
onset of recovery is not invariably followed by an accelerated or a 
retarded innervation of the pattern, respectively, such as might be 
expected had all the fibers been uniformly involved If the seventy 
of the injury were alone in question, then this evidence would indicate 
an injui)'’ of varying severity m individual fibers or fasciculi The onset 
of regeneration must, then, have been unduly delayed in the fibers destined 
for eithei the first or the last muscle to recover or both, though with- 
out in an) way disturbing the older of reinnervation (see paragraph 3) 

The presence of so many variables makes it extremely difficult to 
assess the relatne participation and contribution of each Briefly, one 
or a combination of the following three factors may influence the time of 
lemnervation Of these, the first was probably the most significant 
m the cases selected for this analysis 

(a) Vaiiations m the linear extent of the pattern 

(Zi) Variations m the seventy of the injury with reference to the 
entire cross sectional area of the nerve or to individual fibers or fasci- 
culi composing it 

(c) ^'’arlatlons m individual rates of regeneiation 

ESTIMATION OF PERIOD IN WHICH RECOVERY SHOULD APPEAR 

The time when recovery, spontaneous or following suture, should 
make its appearance can be calculated from the following information 

1 With injuries (axonotmesis) which are minimal in degree and 
usually due to uncomplicated trauma, an initial delay up to approxi- 
mately 10 weeks may be expected If the lesion is more severe, as it 
IS after suture or after severe gunshot wounds associated with fracture 
of the humerus, infection and extensive scarring, then a delay of about 
4 months may be expected in all but the exceptional cases 

Seddon, Medawar and Smith® concluded, on the other hand, that 
an interval of 6 to S weeks is an "unduly long latent period ” It would 
seem, however, that this delay is too short and would account for only 
certain minimal injuries 

2 When the level of the lesion is known, the time taken for the 
regenerating axons to cover the distance from the site of the injury to 
the brachioradialis or the extensor carpi radialis longus may be cal- 
culated at an average rate of 1 9 mm per day 
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In general, for a lesion situated 10 cm above the epicondyle, the 
onset of recovery in the brachioradialis should not be delayed beyond 
approximately 4 months after “simple” injuries and 6 months after 
severe injuries or nerve suture Admittedly, it is difficult to distinguish 
between simple and seveie neive lesions, since the nature and severity 
of the causative injury are by no means an invariable guide However, 
as previously shown, lesions are as a lule more severe when due to 
gunshot injuries, when the wounds aie infected, when theie is consid- 
erable scarnng or when the humerus is fractuied 

Delays of 6 months do not adversely affect the subsequent course of 
regeneration or apparently that following sutuie when this is indi- 
cated The maximum latent peiiod obseived before spontaneous 
regeneration became evident and pioceeded to completion was 10 
months, though such a delay must be unusual In the majority of the 
cases spontaneous regeneration was well advanced at the end of 6 
months and ultimately proceeded to complete restoration of function 

By adding from 11 to 23 weeks, according to the type and seventy 
of the nerve lesion, to the date of onset of recoveiy m the fiist muscle 
to recover, it is possible to calculate the approximate time when volun- 
tary contraction may be expected in the last muscle to be lemnervated 
This time, of course, has no reference to the full lestoration of function, 
which IS not attained until several months, or even years, latei 

It IS not proposed to discuss the controversial issues regaiding the 
time when nerves m which conduction is completely intenupted (though 
the morphologic state is unknown) should be explored, since this 
involves factors other than those within the scope of the present study 
The following facts, however, have been established from this inves- 
tigation 

1 The majority of such lesions regeneiate spontaneous!}'-, with an 
end result which, even though it may not be complete recovery, is at 
least far superior to the result which could be expected from nerve 
suture 

2 In the majority of cases m which exploration of the nerve is 
demanded and undertaken irreparable damage to the nerve will be 
revealed 

3 Delay in the onset of regeneration for periods up to 10 months 
will not adversely affect the subsequent course of regeneration or 
apparently that following suture when this is indicated 

SUMMARY 

Observations on the course and rate of regeneration of motoi fibers 
following lesions of the radial nerve are described 
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The end results in a senes of 63 cases of such lesions, on which the 
observations are based, are briefly summarized 

Reference is made to the significance of variations in the serial order 
of motor recovery 

The pathologic character of the lesions is analyzed in terms of 
the course of regeneration 

A method for estimating rates of regeneration of functionally mature 
motor fibers in human peripheral nerves is described With this method, 
rates of regeneration have been calculated over proximal and distal 
segments of the nerve below the origin of the branch to the brachiora- 
diahs The results indicate that there is a progressive diminution in 
rate as regeneration advances 

In cases of axonotmesis mean rates of 1 9 and 0 8 mm per day 
were obtained for the proximal and distal segments of the nerve, respec- 
tively In cases of suture, mean rates of 1 2 and 0 6 mm per day were 
obtained for the proximal and distal segments of the nerve, respectively 
Observations were made on the period intervening between the 
injury and the time when regenerating axons enter the distal segment 
— ^the initial delay — m cases of axonotmesis and suture 

(a) The duration of the initial delay is a measure of the degree of 
seventy of the injury 

(&) The relationship of the duration of the initial delay to the 
reinnervation of the motor field subsequent to the onset of recovery is 
discussed in some detail In general, initial delays of long duration 
are associated with longer periods for the reinnervation of the motor 
field An early or a late onset of recovery is not, however, invariably 
followed by a subsequent accelerated or retarded rate of recovery 
(c) An initial delay of up to 10 weeks may be expected in cases 
of injuries which are minimal in degree and which are usually due to 
uncomplicated trauma If the lesion is more severe, as it is after suture 
or after severe gunshot wounds associated with a fracture of the humerus, 
infection and intensive scarring, then a delay of approximately 4 months 
may be expected It is, however, difficult to distinguish between simple 
and severe nerve lesions, since the nature and severity of the causative 
injury are by no means an invariable guide 

From a knowledge of the presumed initial delay, the level of the 
lesion and the rate of regeneration, it is possible to ascertain when recov- 
ery, spontaneous or following suture, should be expected 

By adding 11 to 23 weeks, according to the type and severity of 
the nerve lesion, to the date of onset of recovery m the first muscle to 
be reinnervated, it is possible to calculate the approximate time when 
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voluntary contraction may be expected in the last muscle to be rein- 
nervated 

The maximal period intervening between the injury and the onset 
of recovery — latent period — ^before spontaneous regeneration became 
evident and proceeded to completion was 10 months In the majority 
of nerves regenerating spontaneously, however, recovery had appeared 
at the end of 6 months 

University of Melbourne 
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T he treatment of elderly patients by means of electric shock 
constitutes one of the serious problems of this form of therapy 
The problem centers about the difficulty of deciding whether the mental 
illness is sufficiently seveie to warrant treatment m the face of physical 
handicaps Many patients over 65 show no gross physical defects, 
others manifest A'arious degiees of cardiovascular-renal impairment 
which increase the hazards of treatment significantly The present 


Table 1 — DtstubuUon of Patients by Age and by Year of Tieatment 


Age Group, Yr 

1941 

1942 

1943 

1944 

Total No 

65-<39 

5 

4 

14 

12 

35 

70-74 


1 

G 

5 

12 

75-79 


1 


3 

4 

80-82 




2 

2 


5 

0 

20 

22 

53 


study consideis a series of 53 patients each over 65 years of age who 
have been given electric shock therapy at the Albany Hospital duiing 
a period of three and one-half years An attempt is made to evaluate 
the indications and contraindications for treatment, as well as the 
results and complications in this series 

CASE MATERIAL 

Incidence — Table 1 presents the distribution of the patients by age and by 
year of treatment It will be noted that in 1941 and 1942 only 5 and 6 patients, 
respectively, over 65 were treated In 1943 the figure increased to 20, and 
during 1944, 22 patients were treated Thirty-five of the patients were in the 
age group from 65 to 69, 12, in the group from 70 to 74, 4, in the group from 
75 to 79, and 2 were 82 years of age 

Diagnosis — The distribution of patients according to diagnosis is presented 
in table 2 The majority of the patients were listed as suffering from a depres- 

From the Department of Neurology and Psychiatry, Albany Medical College 
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Sion, 36 falling in this category There were, in addition, 4 with manic states, 
7 with psychoneuroses and 6 with paranoid psychoses The condition of the 
depressed patients was chiefly designated as involutional melancholia, but 6 
of them possessed a sufficient cyclothymic background to be considered as having 
a manic-depressive depression The majority of the depressed patients had 
no previous history of mental illness, but 8 of them required a second or still 
additional series of treatments in the course of the three and one-half years 
covered by this survey One patient has had four such series within three years, 
with a total of more than forty electroconvulsive treatments, showing fair to good 
recovery from her depression at each episode There were reactive or situational 
factors in several cases 

There were 4 patients whose condition was diagnosed as manic-depressive 
psychosis, manic type, 1 of whom had two attacks and another four attacks 
during a tliree year period The paranoid psychoses of the 6 patients resembled 
closely the typical paranoid state of the involutional period The 7 patients 
classified as having a psychoneurosis each manifested a degree of concomitant 
depression One displayed severe hypochondriasis with a strong background 
of anxiety The 6 other patients were designated as having severe anxiety states 
with features of depression 

Physical Status — Cardiovascular Status A patient was considered to show 
little or no cardiovascular impairment when no clinical signs of heart disease 

Table 2 — Dishihution of Patients by Diagnosis 


Diagnosis Number 

Depression 36 

Manic psychosis 4 

Psychoneurosis with depression 7 

Paranoid psj chosis 6 


were apparent, the electrocardiogram was normal and the blood pressure was 
below 160 systolic and 100 diastolic Twenty patients were found to fulfil 
these criteria The remaining 33 patients showed various grades of cardiovascular 
defect, from uncomplicated hypertension to actual heart failure, including pul- 
monary edema and auricular fibrillation The most common indication of cardiac 
decline was electrocardiographic evidence of myocardial damage of some degree 
The patient with the most severely injured heart w^as a 65 year old wioman 
suffering from severe depression and hypochondriasis, whose condition was 
diagnosed in December 1941 as auricular fibrillation with mild failure of the 
right side of the heart Her electrocardiogram revealed “sinus arrhythmia with 
shifting pacemaker, left axis deviation and frequent ectopic ventricular beats ” 
She w'as given nine electroconvulsive treatments, without complication, and was 
discharged as somewhat improved, to return for ambulatory treatment She 

returned to the hospital in February 1944, again severely depressed, but a heart 
attack five months previously had rendered her ph 3 'sical condition so precarious that 
further electrotherapy w’as deemed inadvisable at this time Because of her 
extreme agitation and depression, she was returned to the hospital in March 1944 
and given tw'O electroconvulsive treatments, after which she became dyspneic 
and pulmonary edema developed The electric shock treatment was discontinued, 
and the patient rallied under supportive treatment She was discharged with 
her psychiatric condition unimproved 
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Several patients showed clinical and roentgenographic evidence of a moderately 
enlarged heart, and at least 2 had a greatly enlarged heart Electrocardiograms 
revealed pronounced left axis deviation in several instances The electro- 
cardiographic reports also included such descriptions as “diffuse myocardial 
damage,” “left ventricular enlargement,” “definite evidence of myocardial damage,” 
“possible coronary disease” and “suspicious evidence of arteriosclerotic heart 
disease ” One patient presented a history of coronary occlusion one year before, 
followed by full clinical recovery Several patients with systolic blood pressures of 
over 200 mm were treated, including a 75 year old woman with a pressure of 
270 systolic and 176 diastolic 

None of these patients gave clinical evidence of progression of the cardio- 
vascular impairment as a comphcaton of therapy On 2 patients electrocardio- 
grams were taken both before and immediately after an electroconvulsive 
treatment One of these patients showed no significant change, re\eahng the 
same moderate degree of myocardial damage after treatment as before The second 
patient also presented some evidence of myocardial damage before electro- 
convulsive treatment but showed “improvement m the condition of the heart 
muscle” immediately afteiwvard 

Although cardiovascular impairment was by far the most important finding 
in the physical examination, several patients displayed other physical defects 
A 67 year old woman suffered from tic douloureux m 1940, and section of the 
trigeminal nerve w'as performed She subsequently had staphylococcic meningitis, 
which cleared after intensive treatment, but she was left with residual paralysis 
of the left leg, weakness of the right leg and incontinence of urine Roent- 
genograms of the lumbar portion of the spine revealed extensive destruction of 
the joints betw'een the bodies of the first and second lumbar vertebrae and between 
the twelfth dorsal and the first lumbar vertebrae, with prominent kyphosis She 
became severely depressed after her return home and, after a considerable period 
of unavailing treatment, was given several courses of electroconvulsive therapy, 
at first with erythroidine, a curare-like drug, and later without She made a 
good, but not lasting, recovery each time, receiving about forty treatments 
altogether, without impairment of her physical condition 

Another patient, a man aged 72, had a dorsal kyphosis, which prevented any 
significant degree of extension of the thoracic portion of the spine A third 
patient, a man of 67, show'ed small bilateral inguinal hernias A woman of 70 
had a 4 plus Wassermann reaction of the blood, with a negative reaction of the 
spmal fluid Asthma, with signs of emphysema, was present in a man of 65 
A man of 82 had a large ventral hernia In none of these patients did untoward 
physical results appear 

Duration of Treatment — The average stay in the hospital for this group of 
patients was twenty-three days, with a range of from six to forty-two days 
The number of electric shock treatments administered averaged about six per 
admission The usual procedure following admission was a physical study of the 
patient, special care being devoted to an evaluation of the cardiovascular status 
Treatment was therefore delayed for from three to seven days while roent- 
genograms and electrocardiograms were obtained, and medical consultation was 
requested when indicated When begun, electroconvulsive treatments were given 
on a schedule of three times a week A generalized grand mal seizure was 
obtained in each treatment However, it w'as found necessary, somewhat more 
frequently than for younger patients, to space treatments more widely (i e, 
twice a week) because of the confusion accompanying therapy 
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Several patients quickly showed intellectual deterioration, necessitating cessation 
of treatment at an early stage These were the patients in whom it had proved 
difficult to determine the degree of dementia as compared with the degree of 
depression and who were given treatment as a last resort One patient showed 
a rapid decline in memory and comprehension after only two electroconvulsive 
treatments Another patient, aged 77, became more agitated and confused with 
each succeeding convulsive treatment and was given a rest of ten days after 
the first two treatments, but manifested even more severe agitation when treat- 
ments were resumed Therapy was therefore discontinued after four shocks 
A third woman, aged 70, had a similar clinical course and showed extreme 
agitation after six electroconvulsive treatments 

On the other hand, a small number of patients showed gratifying response 
with as few as two to six electroconvulsive treatments The oldest patient m 
the group, a man of 82, recovered completely from a severe depression after 
only two treatments He became depressed again two months later, returned 
to the hospital and was discharged after only two electroconvulsive treatments, 
without untoward results The longest course of treatments for a single admission 
was twelve, resulting in definite improvement Several patients, however, were 
readmitted several times, 2 patients each receiving more tlian thirty electrocon- 


Table 3 — Outcome of Electiic Shock Therapy 
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(Total 24) 

07 Admissions) 
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No improvement 
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1 
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40 

24 
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vulsive treatments, over 

a period of about 

Sixteen months 

These included 


ambulatory electric shock treatments, in addition to treatment in the hospital 
Outcome — Of the series of 53 patients, 43 were admitted only once, whereas 
10 required two or more courses of treatment The outcome of treatment for 
each group is indicated m table 3 In the group of patients with single 
admissions, it will be noted that 35 patients showed some degree of improvement, 
most of them falling in the category of those whose condition was “much 
improved” A patient was considered as “recovered" when both physician and 
family 3 udged that he was as well after treatment as he had been before his 
illness and was able to resume his responsibilities in every sphere A patient’s 
condition was designated as “much improved” when he made an almost complete 
readjustment but still required an occasional psychiatric check-up The condition 
was said to be “improved” when the patient was able to return home and make 
a partial social adjustment but was still incapable of assuming more than fractional 
responsibilities and still demanded considerable psychiatric care The condition 
was designated as “unimproved” when the patient required commitment to a 
state hospital because of the palpable failure to mend In most instances the 
diagnosis in the last group had been difficult because the degree of intellectual 
deterioration as compared with the magnitude of depression was impossible to 
estimate The electric shock therapy, however, made the dementia more apparent, 
whereas at the same time the patient’s behavior failed to improve 
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The 10 patients who required multiple admissions showed a similar curve 
of improvement except that it was more heavily weighted in the range of those 
who were “much improved’’ and “recovered” None of this group was committed 
to a state hospital after the last admission m which electrotherapy was given, and 
most of them were discharged as at least “much improved” The number of 
admissions ranged from two, for the majority, to four, for several patients 
The intervals between admissions extended from one to twelve or more months 
In the entire group of 53 patients, with 67 admissions, 56 admissions, or 83 5 
per cent, terminated with the patient’s being pronounced “recovered,” “much 
improved” or “improved” 

When the outcome of treatment is viewed from the standpoint of diagnosis. 
It IS evident that all groups show botli successes and failures (table 4) The 
number of patients in each category outside the depressions is too small to 
permit tlie drawing of conclusions, but in each class of patients except those 
with paranoid psychoses the majority showed evidence of improvement Of 
the 6 paranoid patients, 3 showed improvement and 3 were not improved The 


Table 4 — Fmal Outcome According to Diagnosis 
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8 patients who recorered all presented depressions of varying severity, and only 
6 in the group of depressed patients required commitment 

Complications — There were no serious complications of treatment in the 
entire series except for the patient aforementioned who manifested congestive 
heart failure W'lth auricular fibrillation before treatment and w'ho became worse 
as the electroconvulsive treatments proceeded All the other patients Avere 
discharged m as sound a physical condition, so far as could be discerned, as 
they displayed on admission One patient had a questionable fracture of one 
rib No significant difference betw'een this group of elderly patients and younger 
patients Avas disclosed AAUth respect to recovery from the seizure There Avere, 
however, several occasions A\hen artificial respiration W'as necessary, and 1 patient 
shoA\ed sufficiently severe respiratory difficulties after the second convulsive 
treatment to aa arrant discontinuing the treatments There Avas no increase m 
the number of complaints about soreness of the back, and m no case was this 
complication severe enough to require roentgenographic examination of the spine 
One patient complained for several days of moderate soreness of one arm 
Several patients regularly evinced excitement after the seizure, but this Avas 
controlled, as m younger patients, by intravenous injection of sodium amytal, in 
a dose of 4J4 grams (0 29 Gm ) 

COMMENT 

The voluminous liteiature on electric shock therapy cariies many 
scattered references to the treatment of aged patients, but few detailed 
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reports are available Casli and Hoekstra^ (194-3) reported on a group 
of 84 patients with affective disorders, of whom 4 weie over 70 and 
10 over 60 years of age Of this group, 64 per cent recovered, and 35 
per cent showed social remissions with residual symptoms The patients 
were treated with curare, without traumatic complications No special 
reference to the cardiovascular status of the patients was made except 
for the statement that “the best results are obtainable m the older age 
groups, and complications are of no greater incidence than m the younger 
patients ” The author noted, also, that treatment should not be 
withheld when disease of the coronary arteries is present unless there 
IS evidence of cardiac decompensation 

Evans ^ reported on the treatment of a series of patients 17 of whom 
were over 60 and 5 over 70 years of age The proportions of this group 
given electric and metrazol shock therapy are not stated The author 
mentioned the case of a 74 year old woman with electrocardiographic 
evidence of complete left bundle branch block who responded well to 
twenty electric shock treatments Two women over 60, with systolic 
blood pressures over 200, were successfully treated Kline and Fetter- 
man ® reported on electrocardiographic studies of a group of 42 patients of 
whom 5 were over 60 and 1 was over 70 Electiocardiograms were 
taken before and after induction of a major convulsion There were 
5 patients in the senes with abnormal cardiovascular systems, of whom 
3 had hypertension, but none showed electi ocardiographic abnormalities 
before or after treatment A fourth patient was a 55 year old woman 
whose “angina pectoris” had been treated by the suigical establish- 
ment of a collateral coronary bed She, too, showed no electrocaidio- 
graphic alteration The fifth case was that of a man aged 58 with 
rheumatic valvular disease and cardiac enlargement 

Kalinowsky^ discussed electric shock theiapy, mentioning 1,500 
cases but did not mention age as a contraindication Evans ^ studied 
50 patients over the age of 50 who had had one or moie convulsions 
induced either by metrazol or by electric shock, of this group 17 were 
over 60 and 5 over 70 It has been our experience that patients between 
50 and 65 years of age may be validly considered to fall m the same 

1 Cash, P T , and Hoekstra, C S Preliminary Curarization in Electric 
Convulsive Shock Therapy, Psychiatric Quart 17 20-34, 1943 

2 Evans, V L Physical Risks in Convulsive Shock Therapy, Arch 
Neurol & Psychiat 48 1017 (Dec) 1942 

3 Kline, E M , and Fetterman, J L Electrocardiographic Changes Follow- 
ing Electrically Induced Convulsions, Am Heart J 24 665-670, 1942 

4 Kalinowsky, L B Electric Convulsive Therapy with Emphasis on 
Importance of Adequate Treatment, Arch Neurol & Psychiat 50 652-660 (Dec) 
1943 

5 Evans, V L Convulsive Shock Therapy m Elderly Patients Risks and 
Results, Am J Psychiat 99 531-533, 1943 
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category as young and middle-aged patients so far as risks of treatment 
are concerned In the 50 to 65 year group, the hazards of treat- 
ment are apparently not significantly raised, and the expected results 
approximate those found m the lower age groups In patients over 
65, however, the proportion of persons with cardiovascular impair- 
ments, manifest or latent, is so high that each patient becomes a problem 
in which the cardiovascular threat to life when the treatment is given 
must be weighed against the magnitude of the mental illness 

Diagnosis Pioblem of Deteumnahon of Intellectual Impanment — 
The cardinal problem in diagnosis is to ascertain whether there is present 
any true senile intellectual impairment and to determine the magnitude 
of this impairment Patients suitable for treatment are those with 
definite psychotic elements of depression, mania or the paranoid state 
who do not show any appreciable degree of senile dementia The 
differentiation between the retardation of depression and the dulness 
of dementia is sometimes difficult The delay in the responses of the 
depressed patient may be misinterpreted and taken for inability to 
comprehend the questions asked If care and patience in appraising 
the intellectual resources are exercised, however, it can be demonstrated 
that memory, orientation and reasoning are unimpaired We have 
found useful a simple memory test developed in this hospital ® whereby 
gross defects m remembering may be detected within a few minutes 
If the patient is stuporous, or so mute and underactive that the 
presence of intellectual defect cannot be determined, it is possible 
to allay this condition by means of an intravenous injection of sodium 
amytal This drug, injected in amounts of from 1 to S grains (0 065 
to 0 52 Gm ) serves m the majority of cases to break thiough the 
retardation and to elicit adequate responses to allow evaluation of 
memory and orientation Information evoked in this way should be 
weighed m conjunction with the data supplied by the informants It 
may be impossible to ascei tain definitely whether or not a mild degree of 
senile dementia is piesent in addition to the more acute depression, the 
decision for or against treatment should be made with reference to the 
condition of the patient before the onset of the acute phase of the present 
illness If there had been good adjustment, a chance taken to return 
to this status would seem desirable 

It was noted m the section devoted to the duration of treatment 
that several patients displayed definite intellectual deterioration after 
only two or three electroconvulsive tieatments The difficulty in evalua- 
ting the mental status is demonstrated in the following cases 

An agitated patient aged 75 had a disorder diagnosed as both paranoid and 
intellectual dementia The weight of each factor could not be satisfactorily 

6 Feldman, F, and Cameron, D E The Measurement of Remembering, 
Am J Psychiat 100 788-791, 1944 
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assayed before treatment She had shown mental changes over a period of 
about ten years, m the form of seclusiveness, negativism and paranoid trends, and 
3 ust before admission had become untidy, noisy, destructive, obscene, confused and 
disoriented In the hospital the patient was So overactive and assaultive that 
no appraisal of her orientation and memory was feasible She was given a series 
of electric shock treatments, in response to which she became much quieter and 
eventually fairly tractable However, it became obvious that there were significant 
changes in the direction of dementia, shown in her persistent disorientation and 
confusion , and it was finally considered advisable to transfer her to a state hospital 
A second patient, a man of 70, entered the hospital with severe depression, 
marked by the delusion that the milk produced on his farm was poisonous 
Evaluation of his mental status seemed to reveal, in addition to the melancholia and 
delusions, a significant degree of confusion, disorientation and impairment of 
memory It was not possible to gage the amount of dementia, however, because of 
his retardation, and electroconvulsive therapy was instituted, the risks and 
prognosis having been explained to the family After seven electroconvulsive treat- 
ments the depression lifted, the delusions disappeared and it was possible to 
determine that the patient’s intellectual resources w'ere very good indeed He 
w^as discharged to return home as much improved 

Effectiveness of Treatment — ^The value of treatment is seen in the 
high proportion of patients returned to their homes as either recovered 
or much improved The figures for improvement compare favorably 
with those obtained in the treatment of younger patients with similar 
conditions, especially the depressions The paranoid states responded 
least well, with 3 failures among 6 patients The psychoneuroses did 
not show complete recovery, but in the majority of instances signifi- 
cant inprovement occurred A woman aged 68 showed few elements 
of true melancholia but presented a twenty year history of severe 
hypochondriasis, having undergone eight major operations During 
the few weeks before admission she had become increasingly tense 
and had begun to fear that she might become mentally ill , She was 
agitated but in good contact and constantly recounted her illnesses, 
with a painful fidelity to detail and usually with visible enjoyment 
She improved significantly with electiic shock treatment and was 
able to return to her household 

Hospital Caie of Patients — In general, elderly patients pose the 
same problems as younger patients with similar conditions except 
that they must be examined frequently and with especial care for signs 
of heart failure The degree of agitation in this series of patients was 
variable, but in several the overactnnty was so great that constant 
restraints and sedation were necessary to prevent self injury and 
exhaustion Feeding became a major problem at times, and adminis- 
tration of nourishment by means of gavage or clysis was often inade- 
quate before shock treatment was instituted A number of patients 
constituted suicide risks, and the usual precautions were taken The 
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patients were urged to be up and about and were kept busy about the 
ward when possible 

Comphcatwns of Theiapy — It has been noted that no complica- 
tions resulted in the present series except for increased cardiac failure 
in 1 patient The hazards of electric shock therapy in elderly patients, 
the literature on which was leviewed at the beginning of this section, 
can be seen to be concerned primarily with cardiac involvement 
The cardinal problem from the standpoint of complications is that of 
the probability of death with mounting age This question is discussed 
in the next section of this paper 

Among other complications, one would expect a greater frequency 
of fractures in elderly patients, but no reliable data on this score 
were discovered in the literature, and no fractures occurred in our 
series except for a questionable fracture of a rib The possibility of 
increased danger in elderly patients during the period of respiratory 
depression immediately following the convulsion is suggested by the 
fact that 1 patient in this series experienced sufficiently severe respira- 
tory difficulties after her second seizure to make further treatment 
inadvisable Again, it should be stressed that the risks must be 
balanced against the possible benefits 

Association of Age with Fatalities fioni Elect) ic Shock Therapy — No 
deaths occurred among the elderly patients in our series It was thought 
worth while, however, to survey the literature for deaths associated 
with electric shock therapy in order to determine the role of advanced 
age 

There is reference in the literature ’to 19 deaths attributed to 
electric shock therapy, and to this number may be added a fatality 
occurring in this hospital Many of the reported cases are not well 
documented, and in at least 3 cases death took place more than a 
month after the last treatment If these cases are excluded from 

7 Hamsa, W R, and Bennett, A E Traumatic Complications of Con- 
vulsive Shock Therapy, JAMA 112 2244-2246 (June 3) 1939 Hayman, M , 
and Brody, M W Metrazol Therapy in Schizophrenia Report of a Fatal 
Case vith Autopsy, ibid 112 310-311 (Jan 28) 1939 Heilbrunn, G, and Weil, 
A Pathologic Changes m the Central Nervous System in Experimental Electric 
Shock, Arch Neurol & Psychiat 47 918-930 (June) 1942 Hoffman, M G , 
Sandler, N , and Hecht, H Paroxj smal Auricular Fibrillation Complicating 
Metrazol Shock Therapy, Am J Psychiat 97 372-379, 1940 Impastato, D J , 
and Almansi, R A Study of Over Two Thousand Cases of Electrofit-Treated 
Patients, New York State J Med 43 2057-2064, 1943 Androp, S Electric 
Shock Therapy in the Psychoses, Psychiatric Quart 15 730-749, 1941 Bellet, 
S , Kershbaum, A , and Furst, W The Electrocardiogram During Electric 
Shock Treatment of Mental Disorders, Am J M Sc 201 167-177, 1941 
Cleckley, H , and Egleston, Du B , Jr Some Observations on Cardiovascular 
Changes in Shock Therapy, Psychiatric Quart 15 662-679, 1941 
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consideration, the remaining 17 cases may be somewhat aibitranly 
divided into three categories, as outlined m table 5 It must be stressed 
that this classification is a rough one, designed only to throw light on 
the degree of cardiac origin of electiic shock fatalities With this 
reservation m mind, it may be said that the first category includes 
those cases, numbering 9, m which the death was definitely or probably 
imputed to cardiac involvement The second category consists of 7 
cases in which either clinical or postmortem evidence was insufficient to 
reveal the probable cause of death but m which, so far as can be 
appraised from the reports, it may conceivably have been cardiac 
The third category includes a single case of death ascribed to pneumonia 
In only 3 of the 17 cases enumerated was the patient over 65 
years of age, and all have been placed in the first of the three afore- 
mentioned categories — i e , cases in which the death was probably of 
cardiac origin The distribution of ages for the 17 cases is indicated 
in column 2 of table 5, the 3 patients over 65 were 70, 70 and 75 It 


Table S — Cause of Fatalities Associated zvith Electric Shock Therapy 

Seventeen Cases 




Age 


Number 

/ ■ . 

Death definitely or probably due to cardiac failure 

9 

? 23 42 57 61 70 70 75 

Cause of death questionable, conceivably due to 



cardiac failure 

7 

? 29 35 45 47 50 58 

Other causes 

1 

59 


Will be seen that the ages in the remaining 6 cases m the first category, 
in which death was probably of cardiac origin, range from 23 to 61 
None of the 6 patients was considered a bad risk on the basis of 
pretreatment clinical studies, whereas the 3 patients over 65 were 
thought to pre'sent greatly increased risks 

The number of deaths is too small for the derivation of sweeping 
conclusions, but it may be seen that the number of deaths of patients 
over 65, 3 among 17, should not be an overwhelming deterrent This 
number may be contrasted with the figure of approximately 5 per 
cent for the group over 65 years of age in a large series of patients 
of all types who received electric shock therapy (In the Albany 
Hospital, over the past three and one-half years, moie than 1,000 
patients have received electric shock therapy, among whom are included 
only 53 patients over 65 ) It is probable that the figure of 5 per 
cent may be somewhat too large to apply to the population of the 
country as a whole Contributing to lower this figure is the fact that 
many of the large series reported have included, exclusively or pre- 
dominantly, schizophrenic patients, who fall principally into the lower 
age groups 
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Ebaugh, Barnacle and Neubuerger® collected data on 7 cases of 
death associated with, electric shock therapy and added 2 of their own 
The ages of 6 of the 9 patients were between 45 and 58 years One 
patient was 29, and the remaining 2 were 75 and 79 respectively 
Both the patients from their own series were 57 years of age, and the 
deaths of both were attributable to cardiac impairment One of these 
patients presented no clinical or electrocardiographic evidence of cardiac 
impairment but died of coronary thrombosis one and one-half hours 
after the twelfth grand mal seizure The second patient, also, showed 
no clinical evidence of heart disease, and death may have been due to 
a severe vagotonic reaction, with cessation of both cardiac and respira- 
tory activity Of the 7 patients 3 died one to four months after treat- 
ment and the other 4 within three days after a treatment The 3 
patients whose deaths occurred after more than a month were 45, 56 
and 79 years of age The patients aged 45 and 79 were noted to have 
died of “cardiac failure ” The patient aged 56 died three months after 
treatment, of “acute infection of the respiratoiy tract and septicemia” 

The 4 patients dying within three days after a treatment are of more 
immediate interest On 3 of these patients, aged 29, 50 and 58 respec- 
tively, no autopsy was performed, and the designated causes of death, 
namely, “coionary thrombosis and influenza,” “involvement of central 
nervous system, preceded by respiratory failure” and “failure to legam 
consciousness,” are necessarily vague The last of these 4 patients, a man 
aged 75, died immediately after the third treatment, with cardiac 
fibrillation There had been a pretieatment clinical diagnosis of advanced 
generalized arteriosclerosis, and this was confirmed at autopsy 

Jetter ® reported 3 cases of death caused by electric shock adminis- 
tered to patients with diseased heaits Of these patients, 1 was 23, the 
second 61 and the third 70 In the 23 year old patient autopsy showed 
acute focal nonsuppurative myocarditis and acute glomerulonephritis, 
both probably of several days’ duration The relationship between the 
electric shock, the eighth in the second series, and death was not clear, 
inasmuch as heart failure appeared only several hours after the treatment, 
and death occurred twelve or sixteen hours afterward The second 
patient, a man of 61, died ten minutes after the eighth treatment, in 
severe circulatory collapse Physical examination had disclosed no out- 
standing abnormalities, the size of the heart being noimal, the rate 
regular and the blood pressure 156 systolic and 90 diastolic Apparently, 
no electrocardiogram was taken Postmortem observations included 

8 Ebaugh, F G , Barnacle, C H , and Neubuerger, K T Fatalities 
Following Electric Convulsive Therapy Report of Two Cases with Autopsy, 
Arch Neurol & Psychiat 49 107-117 (Jan) 1943 

9 Jetter, W W Fatal Circulatory Failure Caused by Electric Shock 
Therapy, Arch Neurol & Psychiat 51 557-563 (June) 1944 
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extensive obliterating coronary arteriosclerosis and recent myocardial 
infarct The third patient, aged 70, presented a sufficiently severe 
depression to warrant treatment in face of the known diagnosis of 
hypei tensive vascular disease, cerebral thrombosis and old coronary 
thrombosis with bundle branch block The electrocardiogram showed dis- 
ease of the coronary arteries and left frontal bundle branch block Death 
occuried twelve minutes after the beginning of the sixth treatment 
Another case of fatality due to caidiac failure following electric shock 
therapy was mentioned by Levy, the death being attributed by Jetter® 
to vagotonic action The age of the patient was not stated 

Cash and Hoekstra^ reported the death of a man of 47 two hours 
after his fifth electiic shock treatment, with cm are Autopsy did not 
reveal the exact cause of death, although its cardiac origin was con- 
sidered likely There was conspicuous sclerosis of the anterior descend- 
ing coronary artery Ziegler mentioned a patient of “about 70” who 
died at an unstated interval after an electroconvulsive treatment and in 
whom autopsy showed a badly damaged myocardium No other details 
were given He mentioned, too, a man of 68 with a history of having 
had coronary thrombosis several years before who lesponded well to 
therapy Gralnick^® reported the deaths associated with electric shock 
of 2 patients, aged 35 and 45 One patient died one week after the 
fourteenth treatment, in status epilepticus, autopsy was not obtained 
The second patient died two days after the second treatment, the cause 
being unascei tamable at autopsy, although cerebrovascular syphilis was 
present 

The death occurring m our hospital was that of a 42 year old white 
woman who was admitted to the Albany Hospital m February 1942 
with a history of severe anxiety and depression, together with delusions 
and hallucinations Physical and neurologic examinations gave normal 
lesults except that the patient appeared poorly nourished Laboratory 
data were within normal limits A diagnosis of schizophrenia was made, 
and electroconvulsive therapy was started in February 1942 The first 
seizure was immediate but predominantly affected the right side at the 
onset, spreading, to involve the whole body, over a period of forty sec- 
onds After the seizure the patient was apneic for thirty seconds and 
then resumed noimal respirations Two days later the second electro' 
convulsive treatment was given The first stimulus produced only a 
petit mal attack but was repeated with increased voltage, lesulting in a 
grand mal seizure which lasted twenty-five seconds, and followed the 
same pattern as that on the first day After the convulsion a few breaths 
were taken spontaneously, and then respiration stopped The pulse 

10 Gralnick, A Fatalities Assotiated with Electric Shock Treatment of 
Psychoses, Arch Neurol & Psychiat 51 397-402 (April) 1944 
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became slow, and, despite artificial respiration, intravenous injections 
of metrazol and intiacardiac administration of epinephrine, the patient 
died Permission for autopsy could not be obtained 

SUMMARY 

The results of electric shock therapy in a group of 53 patients aged 
65 or more are reported The difficulties in diagnosis, the contraindica- 
tions to treatment and the complications and effectiveness of therapy 
are discussed Three cardinal problems have emerged from this study 

1 The differentiation of true intellectual decline and other types of 
psychoses of the senium, especially depression, must be made Sugges- 
tions for making this distinction are offered 

2 The significance of an impaired cardiovascular system in the 
patient with serious mental illness must be evaluated m terms of what 
the future holds for the patient with and without treatment 

3 When a diagnosis other than senile dementia can be made in a 
patient over 65, especially that of depressive, manic or paranoid psycho- 
sis, electric shock therapy should be considered The only contraindica- 
tions should be extreme defects in the physical state, particularly m the 
cardiovascular system 

Albany Hospital 
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T he intravenous administration of pentothal sodium, an 
ultra-short-actmg barbiturate, is used extensively for the produc- 
tion of clinical anesthesia The clinical manifestations of cortical depres- 
sion are evident within thirty seconds after the initial injection During 
the action of the drug the patient passes through several phases of 
depression, depending on the influence of the drug on the various 
cerebral areas Brazier and Fmesinger ^ have shown with the aid of 
the electroencephalograph a depressant effect of pentothal sodium on 
the several parts of the cortex First the frontal area was depressed, 
then the parietal and, last, the occipital It has been demonstrated m 
vitro that barbiturates exert an inhibitory effect on cellular respira- 
tion of the brain,- particularly m the parts of the brain with the 
highest oxygen intake, such as the more cephalic regions, which suffer 
the most pronounced metabolic retardation ® 

The venous drainage of the cerebral hemispheres and of the basal 
ganglia is not the same m all persons Though the blood from the 
lower part of the brain stem, including the midbram and the medulla 
oblongata, as well as the cerebellum, is equally represented in the two 
inteinal jugular veins, the venous return from the upper portions of 

, Mrs Use Memelsdorff made the determinations of glucose and lactic acid 

This investigation was aided by a grant from the W mthrop Chemical Company- 
Research Fund 

From the Departments of Anesthesia and Physiology and Pharmacology, 
Albany Hospital and Albany Medical College, Union University 

1 Brazier, M A B , and Fmesinger, J W Action of Barbiturates on the 
Cerebral Cortex, Arch Neurol & Psychiat 53 51-58 (Jan ) 1945 

2 Quastel, J H Respiration in the Central Nervous System, Physiol 
Rev 19 135-183, 1939 

3 Himwich, H E , Sykowski, P , and Fazekas, J F A Comparative 
Study of Excised Cerebral Tissues of Adult and Infant Rats, Am J PhysioL 
132 293-296, 1941 
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the brain is not similarly arranged ^ In the majority of persons the 
blood from the greater part of the cerebral cortex appears chiefly either 
in the right or in the left internal jugular vein, after passing through 
the superior longitudinal sinus, while the blood from the sinus rectus, 
coming partially from the basal ganglia, goes to the opposite side 
Because of this arrangement of the venous drainage, it is possible 
to obtain blood from one internal jugular vein which is more repre- 
sentative of the cerebral hemispheres than is the blood of the opposite 
internal jugular vein, which, in turn, may be regarded as carrying 
the greater portion of the venous drainage from the basal ganglia 
In some persons, however, the contents of the superior longitudinal 
sinus are divided about equally between the right and the left lateral 
sinus In addition, a small percentage of persons possess a torcular 
Herophili, in which the return from the cerebral hemispheres and that 
from the basal ganglia are mixed In that case the two internal jugular 
veins are equally representative of the upper and the lower part of 
the brain 

An opportunity to determine whether the cerebral hemispheres are 
depressed before other parts of the brain is made possible by the course 
of the cerebral venous return If, for example, the administration of 
a drug reduces the arteriovenous oxygen difference of the blood from 
the side carrying the cortical component more than that from the 
opposite side and the ceiebral blood flow is not accelerated, the results 
would indicate that the cerebral hemispheres aie the fiist part of the 
brain to be depressed by that drug Such results would cast light on 
the pattern of action of the drug used 

METHOD 

On 11 of 12 patients control observations were made b}' drawing successive 
samples of blood from both internal jugular veins and from the brachial artery, 
with the use of procaine anesthesia On another day pentothal sodium, in 1 per 
cent solution, was administered intravenously to each of these subjects, who 
had not received previous medication For the injection, a needle communicating 
with a two way stopcock was inserted into the antebrachial vein, thus permitting 
the injection of the pentothal solution in one of two ways eitlier by syringe 
or by the intravenous drip method The initial injection was slow, irrespective 
of the source of pentothal sodium, and varied with each patient The solution 
was allowed to run at such a rate as to obtain any required level of depression 

4 (o) Gibbs, E L , and Gibbs, F A The Cross Section Areas of the 
Vessels That Form the Torcular and the Manner in Which Flow Is Distributed 
to the Right and Left Lateral Sinus, Anat Rev 59 419-426, 1934 {b) Batson, 
O V Anatomical Problems Concerned in the Study of Cerebral Blood Flow, 
Federation Proc 3 139-144, 1944 (c) York, G E , Homburger, E G , and 
Himwich, H E Similarity of the Cerebral Arteriovenous Oxygen Differences 
on the Right and Left Sides in Resting Man, Arch Neurol & Psvchiat 55 S78- 
582 (June) 1946 
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and to retain it over a given period If it was desired to lighten the anesthetic 
effect after the initial injection, the administration of pentothal sodium was 
slowed or stopped For deeper stages of barbiturate depression the administration 
of the drug was continued and accelerated 

When the patient was in light surgical anesthesia, three needles with stylets 
were inserted and made secure with strips of adhesive tape , a 19 gage needle was 
placed in each internal jugular vein and a 20 gage needle in the femoral artery 
As a result of this preparation samples of blood could be drawn simultaneously 
from the three vessels This simultaneity is an essential step in a comparison 
of the arteriovenous oxygen differences for the right and the left side for any 
given time 

The samples of blood were collected m glass containers over mercury, as 
previously described,^ and were analyzed immediately for oxygen and carbon 
dioxide by the method of Van Slyke and Neill ® Analyses checked to within 
02 volume per cent, and variations of 1 volume per cent or less between the 
arteriovenous oxygen differences for the right and for the left side were within 
the experimental error The amount of glucose was determined with the technic 
of Hagedorn and Jensen, ^ and the lactic acid content, according to the method 
of Barker and Summerson ® The samples for the determinations of glucose and 
lactate were measured from a 1 cc Van Slyke pipet This procedure standardized 
the measurement of all samples of blood, whether for gases, glucose or lactic acid 
Differences of 4 mg of glucose and 1 2 mg of lactate per hundred cubic centimeters 
were considered significant 


RESULTS 

Oxygen — In 11 resting patients the arteriovenous oxygen differences 
for blood from the two sides varied from 0 02 to 1 12 volumes pei cent, 
with an average of 0 51 volume per cent, which is a value in agree- 
ment with the results of previous studies After the injection of 
pentothal sodium two degrees of clinical changes w'^ere observed m 
the majority of patients, resulting in a classification of light and deep 
anesthesia In light anesthesia the patients reacted to stimuli, whether 
their responses retained some voluntary element or were entirely 
involuntary When the application of even painful stimuli failed to 
elicit muscular reactions, anesthesia was regaided as deep In 17 
of 22 observations at the lighter levels of anesthesia the arteriovenous 
oxygen differences for blood from either the right or the left internal 
jugular vein were preponderantly decreased On 7 occasions the arterio- 
venous difference was decreased more on the right than on the left 

5 Himwich, H E , and Castle, W B Studies in the Metabolism of Muscle 
I The Respiratory Quotient of Resting Muscle, Am J Physiol 83.92-114, 1927 

6 Van Slyke, D D , and Neill, J M The Determination of Glucose m the 
Blood and Other Solutions by Vacuum Extraction and Manometric Measurement, 
J Biol Chem 61 523-573, 1924 

7 Hagedorn, H C , and Jensen, B N Zur Mikrobestimmung des Blutzuckers 
mittels Ferncyanid, Biochem Ztschr 135 46-58, 1923 

8 Barker, S B , and Summerson, W H The Colorimetric Determinations 
of Lactic Acid in Biological Material, J Biol Chem 138 535-554, 1941 



Table 1 — Oxygen Content, in Volumes pet Cent, of Cerebral Blood tn Patients 
with Different Anatomic Patterns of Venous Return from Cerebral Hemispheres 
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* ‘Deep and ‘light’ refer to lc\els of anesthesia 

f Patients 1 to 4, listed in A, e\hibited the cortical component of blood chiefly in the right 
internal jugular vein as evidenced by the smaller arteriovenous ovjgen difference on the 
right side than on the left side m all observations made dunng light anesthesia The values for 
patient 1 are typical of this group The control arteriovenous oxygen difference on the right 
side IS 5 9S volumes per cent, and the difference falls to 1 (D 3 50 and 2 4G volumes per cent 
during light anesthesia The control on the left side is 7 10 volumes per cent, and the difference 
IS comparatively better sustained, at 5 91, 5 33 and 4 35 volumes per cent During deep anes 
thesia the differences do not vary significantly and are reduced to their lowest levels 1 44 and 
2 31 volumes per cent on the right side and 1 16 and 2 61 i olumes per cent on the left side 

(Footnotes continued on nert page) 
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(table 1 A) , in 10 determinations it was lowered more on the left 
than on the right (table IB), and m only 5 were the arteriovenous 
oxygen differences equal on the two sides (table 1 C) In 12 of 14 



Fig 1 — The results for patient 1 are illustrative of the group in which the 
major return of blood from the cerebral hemispheres appears in the right internal 
jugular vein In all observations made on the subject during light depression, 
the arteriovenous differences on the right side were more reduced than those on 
the left side, while during deep anesthesia the differences on the two sides^ were 
at their lowest value and were in agreement with each other The same data 
are presented in two ways The columns in the lower part of the figure express 
the arteriovenous oxygen differences for the right and left sides in terms of volumes 
per cent, while in the upper portion are the actual values for the arterial and 
venous oxygen contents The cross hatched area shows the difference in the 
oxygen content of the blood between the right and the left internal jugular veins 
The gradual decrease of arterial oxygen is evident as the anesthesia becomes 
deeper 


Footnotes to Table 1 

♦ In B are listed the results for patients 5 to 9, whose cerebral hemispheres are drained 
chiefly into the left internal jugular vein, as evidenced by the smaller arterioienous oxygen 
mfferencos on the left side than on the right when the subjects were under light anesthesia 
Patient 5 tjpifles this group The control arteriovenous oxjgen difference on the left side is 
0 47 volumes per cent and falls to 4 10, 2 31 and 2 15 volumes per cent during light anesthesia, 
vhile on the right side the control value is 713 volumes per cent and remains comparatively 
high, at 5 17, 5 S9 and 5 SO \olumes per cent During deeper depression the arteriovenous oxj gen 
differences are equal on the two sides and are within the experimental error Note the 
progressive fall in the artenal oxjgen content to the lowest value, 7 27 volumes per cent, 
during deep anesthesia and the reduction of the arteriovenous oxygen differences to 1 01 and 
0 7l volumes per cent on the right and left sides, respectivelj 

§ In 0, the results for patient 10 are typical of those obtained for patients 10 to 12, m 
vhom the cortical blood is more equally duided between the right and the left internal jugular 
vein than it was in the patients listed in A and B The artenor enous oxygen differences on 
the right and on the left side are approximately equal The control arteriovenous oxygen 
difference on the right side begins at 9 06 volumes per cent and falls to 7 47, G 11 and 7 80 
\olumcs per cent during light depression and to 5 84 volumes per cent during deep narcosis 
Tile comparable v alues for the loft side are 8 57, 7 40, 0 20 and 7 05, and 5 89 volumes per cent 
In this subject the values obtained during deep anesthesia are not so reduced as were those in 
our other observ ations made during profound depression Probably an accompanying greater 
fall in blood pressure slowed cerebral blood flow, so that more oxjgen was removed from each 
cubic centimeter of blood passing through the brain 









Fig 2 — The data for patient 5 are characteristic of the group in which 
the cortical venous blood is carried chiefly by the left internal jugular vein 
During light anesthesia, the arteriovenous oxygen difference on the left side 
IS consistently smaller than that on the right side During deep depression the 
arteriovenous oxygen differences are equal on the two sides and within the 
experimental error The data are shown in two ways The arteriovenous oxygen 
differences for the right and left sides are presented in the columns in the 
lower part of the figure, and in the upper portion are the values for the oxygen 
content The cross hatched area shows the difference between the oxygen 
content of the right and that of left internal jugular vein The profound depres- 
sion of respiration m deep anesthesia is exhibited in the low oxygen content of the 
arterial blood 

nificantly on the right side than on the left in 4 subjects (table 1 A) 
and (&) were more reduced on the left side than on the right in 5 sub- 
jects (table IB) In 3 subjects only did the arteriovenous oxygen 
differences on the two sides vary only within the experimental error 
(table 1C) 
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It must be emphasized that repeated observations yielded consistent 
patterns, i e, if in the lighter stages of anesthesia the arteriovenous 
oxygen difference was smaller on the right side than on the left in 
the first observation it was smaller m all the succeeding onces A typical 
result IS that for patient 1 (fig 1), whose right arteriovenous oxygen 
difference was smaller on the right side than on the left in each experi- 
ment made with administration of sufficient pentothal to secure light 



Fig 3 — In patient 10 either a torcular Herophih was present or the branches 
of the superior longitudinal sinus divided its blood approximately equally 
between the two lateral sinuses These data are presented twice, once in the 
lower columns, showing the paired values of the arteriovenous oxygen differences 
for the two sides, all of which vary within the error of the method, and, 
again, m the upper portion of the figure, with the values for oxygen content 
The cross hatched portion shows the differences between the oxygen contents 
of the blood of the right and of the left internal jugular vein, none of which, 
however are significant The comparatively large arteriovenous oxygen difference 
found during anesthesia is associated with a profound fall in blood pressure 

depression Again, for patient 5 (fig 2) the arteriovenous oxygen dif- 
ference was smaller on the left side than on the right and remained 
so throughout light narcosis In deep pentothal anesthesia, however, 
both patients exhibited aiteriovenous oxygen differences which were 
equal and within the experimental error on the two sides, irrespective 
of the pattern displayed when the patient was lightly anesthetized For 
patient 10 (fig 3) the variations in the arteriovenous oxygen differ- 
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ences on the right and the left side were insignificant not only in deep 
anesthesia but also in light depression This equality between the right 
and the left side is indicative either of the presence of a torcular or of 
a division in the blood of the superior longitudinal sinus between the 
two lateral sinuses 

Glucose and Lactate — For the 3 patients for whom values are pre- 
sented in table 1 C the oxygen contents of the right and of the left 
internal jugular vein were similar and within the experimental error 

Table 2 — Gnlcose and Lactic Acid Contents oj A) total Blood and of Blood of 
the Right and the Left Internal Jugular Vein 


Blood of Blood of 

Right Internal Left Internal 

Arterial Blood, Jugular Vein, Jugular Vein, 

Mg per lOO Ce Mg per 100 Cc Mg per 100 Oc 

, A . ^ A , , A. , 
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* ‘ Light” and ‘deep” indicate le\els of anesthesia 

t The close agreement between the % alucs for glucose and lactic acid contents of the 
blood in the right and the left internal jugular jein is apparent 

t Tile values for the glucose and lactate contents of the blood in the right and the left 
internal jugular vein are m less close agreement than are the comparable \ alucs in A 


The glucose and lactate contents of the two mteinal jugular veins of 
these 3 patients (table 2 A) displayed the same good agieement except 
for 1 observation each for glucose and lactate For the other patients 
(table 1 A and B) a dissimilarity was noted between the oxygen content 
of blood of the right and that of the left internal jugular vein, especially 
during light anesthesia The data on glucose and lactate for 3 patients 
of this group are presented in table 2 B The agreement between the 
contents for the right and for the left internal jugular vein is not so 
close in most instances as it is m table 2 A 
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When arteriovenous glucose ditferences for the two sides were 
considered together, irrespective of the source of the blood, it was found 
that in 11 resting patients the brain absorbed from 0 to 22 mg from each 
hundred cubic centimeters of blood passing through that organ The 
average arteriovenous glucose difference for 7 of the subjects on whom 
we had complete data was 9 1 mg per hundred cubic centimeters m the 
lesting condition After the injection of pentothal sodium an average 
diff ei ence of 7 2 mg per hundred cubic centimeters was obtained during 
light anesthesia for these same subjects, m deep depression the average 
fell to 5 4 mg per hundred cubic centimeters Thus, the gradual decrease 
in the arteriovenous glucose difference was similai to that observed with 
oxygen 

COMMENT 

In order to disclose the effect of light pentothal anesthesia on the 
cerebral arteriovenous oxygen differences of blood containing the corti- 
cal component, whether coming from the right or from the left side, the 
data in A and B of table 1 were subjected to fuither analysis It was 
found that the control values in these two tables averaged 6 89 volumes 
per cent, which are in close agreement with previous observations 
With light anesthesia the aveiage for the arteriovenous oxygen difference 
of blood carrying the coitical component was 2 75 volumes per cent, 
and the average for the arteriovenous oxygen difference from the oppo- 
site side was much greater, 5 9 volumes pei cent For deep anesthesia 
an average of 2 03 volumes per cent was observed, provided the results 
accompanied with a gieat decline of blood pressure were omitted from 
the calculations, but if they were included the average was raised some- 
what, to 2 93 volumes per cent 

The deciease in the arteriovenous oxygen difference pioduced by 
pentothal sodium confirms the observations in previous expeiinients 
with amytal, in which, however, the amount of the drug was sufficient 
only to place the subject in light depiession Dameshek, Myeison and 
Loman ° reported that the average arteriovenous oxygen difference of 
6 4 volumes per cent fell to 5 7 volumes pei cent after the administration 
of sodium amjtal Confiiming this small, but significant, decrease are 
the unpublished lesults of Dr F A Hale and one of us (H E H ), 
who found an aveiage arteriovenous ox 3 '^gen difference of 5 8 volumes 
jier cent aftei the mtiavenous administration of sodium amytal This 
value IS lower than the aveiage arteriovenous oxygen difference for 
normal man 6 7 volumes per cent These decreases in arteriovenous 

9 Dameshek, W , klyerson, A , and Loman, J The Effects of Sodium 
Amvtal on the Metabolism, Am J Psychiat 91 113-135, 1934 

10 Himwich, H E, and Farekas, J F Cerebral Arteriovenous Oxygen 
Difference, Arch Neurol & Psychiat 50 546-551 (Nov) 1943 
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oxygen difference were less pronounced than those reported in the 
present investigation, chiefly because in the previous work consideration 
was not given to the anatomic arrangement m the cerebral venous 
return or to the resulting discrepancies between the arteriovenous oxygen 
differences on the two sides during light anesthesia All results were, 
therefore, averaged instead of presenting the effect on the cerebral com- 
ponent separately 

Schmidt, Kety and Pennes reported that pentothal produced no 
consistent change in the cerebral arteriovenous oxygen difference in the 
monkey If the discrepancy between the results obtained in the monkey 
and in man is not due to a species difference, three other reasons, based 
on the difference in experimental conditions, may be suggested First, 
the control values of Schmidt and co-workers were made during light 
barbiturate anesthesia, and the present observations disclosed that under 
this condition the cortical component is depressed Second, the blood 
of the right and of the left internal jugular vein were mixed in a common 
tube before the collection of the blood To understand how this mixture 
cloaks the effect of pentothal on the cortical component, it is necessary 
to analyze the results for the patients (table 1 C) in whom both internal 
jugular veins carried the same kind of blood, because m these men the 
samples of blood were identical as the mixture of the blood took place 
within the cranial cavity The average for the controls (table 1 C) was 
7 62 volumes per cent The average for patients under light anesthesia 
was 6 81 volumes per cent, a difference which is not significant Thus, 
a mixture of the blood of the two internal jugular veins may explain, m 
part, the failure of the arteriovenous oxygen differences to decrease 
in the experiment on the monkeys Finally, the average for the obser- 
vations made on patients in deep anesthesia was 2 47 volumes per cent 
when the blood pressure was relatively consistent, but the value rose to 
5 87 volumes per cent for those experiments in which the blood pressure 
began to fail Thus, it is possible that the results of Schmidt and 
co-workers, which were obtained from monkeys in deepest anesthesia, 
revealed this type of secondary increase 

In our experiments, there may have been two causes for the gi eater 
depression of arteriovenous oxygen difference on one side Either the 
blood passes through the cerebral hemispheres faster than in the lower 
parts of the brain, or the metabolism of the cerebral cortex is depressed 
more than that of the subcortex Though we do not possess data on the 
effect of pentothal sodium on the cerebral blood flow of our patients, 

11 Schmidt, C F , Kety, S S , and Pennes, H H Gaseous Metabolism of 
the Brain of the Monkey, Am J Physiol 143 33-52, 1945 
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we know that in the monkey and in the dog pentothal sodium dimin- 
ishes the volume of blood passing through the brain It is also probable 
that the cerebral blood flow of our patients was diminished, for the 
systolic pressure fell from 5 to 50 mm below the control values during 
our observations on the various patients, and a lowered blood pressure 
curbs cerebral flow It would not seem likely, therefore, that the blood 
flow is accelerated m the cerebral hemispheres If the cerebral blood flow 
is slowed, then a fall in the arteriovenous oxygen diffeience indicates 
a depression of cerebral oxidation To obtain a final answer, it is neces- 
sary to determine the effect of pentothal sodium on blood flow through 
each internal jugular vein, and this will be our next task 

These results yield a functional corroboration for the anatomic obser- 
vation of an asymmetric venous return from the cerebral hemi- 
spheres and from the basal ganglia for 9 of 12 patients The relatively 
large percentage of subjects, 25 per cent, with an approximately equal 
distribution of cortical blood in the two internal jugular veins may be 
ascribed in part to the sampling of a small, and hence not representative, 
number of patients It must also be remembered that there are two ways 
in which the blood of the superior longitudinal sinus may appear in both 
internal jugular veins One is comparatively rare, through a torcular 
Herophili, in the other the branches of the superior longitudinal sinus 
divide its blood approximately equally between the right and the left 
lateial sinus 

All the data presented indicate that in the lighter stages of anesthesia 
the oxidations in the ceiebral hemispheres are more depressed than 
those of the other portions of the brain and that this depression is a 
progiessively descending phenomenon which may finally involve the 
entire oigan The persistent effect on the cerebral hemispheres is m 
accordance with the well known decorticating action of the barbiturates 
But that the metabolic retardation is not limited to the cortex is shown 
by the impairment of the arterial oxygen, which becomes especially 
pronounced when depression of the medulla oblongata takes place during 
deep anesthesia Then anoxic anoxia is superimposed on the histotoxic 

12 Homburger, E G , Himwich, W A , Maresca, R , and Himwich, H E 
Effect of Pentothal Anesthesia on Canine Cerebral Cortex, Am J Physiol , to be 
published 

13 Since this investigation was submitted for publication, we have been able 
to show that during pentothal anesthesia cerebral blood flow is slowed and that 
the slowing is greater m the cerebral hemispheres than in the lower portions of 
the brain It was further demonstrated that cerebral metabolic rate was dimin- 
ished during pentothal narcosis and that the diminution exhibited a definite pattern, 
the cortical oxidations being depressed earlier and more profoundly than those 
of the rest of the brain (Himwich, W A , Homburger, E , Maresca, R , and 
Himwich, H E Brain Metabolism in Unanesthetized and Anesthetized Man, 
Federation Proc 5 47, 1946) 
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anoxic action of the barbiturate, as the function of the respiratory center 
IS impaired because of its metabolic depression This type of medullary 
depression does not include temporary inhibition of the respiratory 
center, which can occur at any time in the course of pentothal anesthesia 
if the rate of intravenous injection is rapid 

When lespiratory inhibition occurs during the lighter stages of anes- 
thesia, it is not directly referable to depiession of medullary oxidations 
but may be regarded as a specific effect on the respiratory center, and 
m the hghtei stages it is transitorj’- Tidal exchange becomes progres- 
sively diminished with deepening anesthesia, and this phenomenon is 
the result of the withdrawal of metabolic support The consistent 
diminution in the aiterial oxygen content demonstrates the progressive 
inhibition of medullary oxidations Thus, a distinction must be drawn 
between the two effects of barbituiate on the nerve tissue (1) a 
dnect, specific depiession exerted particulailj' on visceral nuclei, an 
action which is not necessarily piopoitional to the metabolic depiession, 
and (2) the withdrawal of the metabolic support necessary^ to maintain 
nerve function 

In terms of blood gases, an inequality in arteriovenous 0x3 gen differ- 
ences between the right and the left side indicates m most patients that 
the cerebral hemispheres are depressed more than other paits of the 
brain, a condition designated in the piesent report as light anesthesia 
When not only the ceiebial hemispheres but the basal ganglia are 
included 111 the depiession, deep anesthesia is observed as the arterio- 
venous oxygen differences become equal, within the experimental error, 
on the two sides This deep depression may be progressive and pioceed 
thiough the midbiam to the medulla oblongata 

SUMMARY AND CONCLUSION 

In this investigation on the pattern of the action of pentothal sodium 
on the brain it was possible to show that the cerebial hemispheres are 
the areas fiist involved in the depressant action of this diug, because of 
the peculiaiities of the anatomic venous cerebral leturn, which in the 
majority of patients directs most of the blood fiom the cerebial hemi- 
spheres eithei to the light 01 to the left internal jugiilai vein and a inajoi 
portion of the blood from the basal ganglia to the opposite vein A total 
of 36 observations w^ere made on 12 subjects under pentothal anesthesia 
Of 22 obseivations, made at the hghtei levels of anesthesia, the lesults 
may be divided into tw^o groups In 9 of the subjects the aiteriovenous 
difference on one side was moie depressed than that on the opposite 
side, and in the 3 lemaimng patients the arteriovenous differences w^ere 
similar on the two sides Further evidence suppoiting the differences 
betiveen the values for the right and the left internal jugular vein is 
obtained from the data for glucose and lactate, for in the same 3 patients 
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in which the arteriovenous oxygen differences were always within the 
experimental error the arteriovenous glucose and arteriovenous lactate 
differences exhibited a similar agreement, while in the other 9 patients 
the paired results did not show a similar precise concordance With 
deeper anesthesia the subcortical parts became more involved, and the 
paired arteriovenous oxygen differences for the two sides were greatly 
depressed and within the experimental error m all but 2 of 14 observa- 
tions These results indicate that oxidation is not decreased to the same 
extent in all parts of the brain at the lighter levels of barbiturate anes- 
thesia but that the cerebral hemispheres are the areas of the brain pre- 
ponderantly involved in the depressant action of the drug The other 
parts of the brain gradually suffer an inci easing inhibition of oxidation 
as the deep levels of pentothal anesthesia are produced 

Albany Medical College (3) 
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EFFECTS OF ANTIBIOTIC SUBSTANCES ON THE 
CENTRAL NERVOUS SYSTEM 

HERBERT C JOHNSON, MD 
A EARL WALKER, MD 
THEODORE J CASE, MD 

AND 

JERRY J KOLLROS, PhD 

CHICAGO 

T here has been a singular dearth of experimental studies on 
the effects of penicillin and other antibiotic substances on the 
physiologic processes of the nervous system The lack of climcal 
evidence of neural toxicity when penicillin is administered systemically 
or intrathecally is astonishing when the antibacterial potency of the 
drug IS considered However, the observation of convulsive mani- 
festations following intraventricular administration ^ led to a study of 
the effects of antibiotic substances on the nervous system This 
report concerns the neuropharmacodynamics of penicillin,’- streptomycin, 
clavacin, actinomycin and streptothncin An attempt was made to 
test the effects of aspergilhc acid on the brain, but its relative insolu- 
bility in water made the experiment unsatisfactory 

PENICILLIN - 

Penicillin, one of the antibiotic principles obtained from Penicillium 
notatum, is the best known and one of the most powerful of the bacteri- 
adal substances of microbial origin 

From the Division of Neurological Surgery and the Otho S A Sprague 
Foundation, the University of Chicago 

The -work described in this paper was done under a contract recommended 
by the Committee on Medical Research between the Office of Scientific Research 
and Development and the University of Chicago 

1 Johnson, H C, and Walker, A E , Intraventricular Penicillin A Note 
of Warning, JAMA 127 217-219 (Jan 27) 1945 

2 The penicillin was provided by the Office of Scientific Research and 
Development from supplies assigned by the Committee on Medical Research for 
Experimental Investigations, recommended by the Committee on Chemotherapeutics 
and Other Agents of the National Research Council 

Dr D F Robertson, of Merck & Co, Inc, supplied the streptothncin. 
Dr G W Rake, of the Squibb Institute for Medical Research, the aspergilhc 
acid. Dr G M Everett, of Abbott Laboratories, the streptomycin and clavacin, 
and Dr S A Waksman, State of New Jersej Agricultural Experimental Station, 
the actinomycin 
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When administered systemically it apparently does not reach the 
central nervous system m appreciable amounts However, there is. 
evidence that in the presence of meningeal irritation the pencillm may 
pass into the spinal fluid in increased amounts and may reach con- 
centrations sufficiently high to kill the more sensitive bacteria There 
appears to be little clinical evidence, however, that penicillin given 
systemically induces alteration m nervous function In view of the 
fact that convulsive manifestations were noted when penicillin was 
applied to the cerebral cortex,^ electroencephalographic studies were 
made on a series of 51 patients who were receiving penicillin therapy 
for some condition other than a primary neurologic one The records 
of only 20 patients were normal at all times, the other 31 patients 
showed abnormalities on one or more examinations Control records 
taken before and after penicillin therapy were available for 18 of 
these 31 patients In 4 patients having control records before and 
after the therapy, there was evidence of increased electrical activity 
during the administration of the drug, with normal records both before 
and after the therapy On two occasions during the course of penicillin 
therapy, 1 of these patients showed evidence m the electroencephalo- 
gram of abortive or subchnical epileptic “seizures” which were not 
seen in any of the control records Seven patients showing increased 
activity in the electroencephalogram during the period of penicillin 
therapy had a similar pattern after the withdrawal of therapy. Unfor- 
tunately, pretreatment records were not made Six of these 7 patients 
were children between 5 and 14 years of age, their records suggested 
a convulsive diathesis Four patients with control records only after 
therapy showed pronounced diminution of electrical activity after with- 
drawal of the drug For 2 patients the electrical activity of the brain 
was less during administration of the drug than m the control records 
On the basis of these observations it appears that subclimcal alterations 
in cerebral function may occur during the time of administration of 
penicillin in somewhat more than 50 per cent of cases (figs 1, 2, 3 and 

4 ) 

Although usually only subclimcal effects are present during systemic 
administration, overt clinical manifestations may develop when the 
drug IS applied directly to the central nervous system, either by intra- 
thecal injection or by direct application to the brain After lumbar 
intrathecal injection the mild meningeal irritation, manifested by 
pIeoc 3 '’tosis and increased protein in the spinal fluid, is well known 
That neural complications may develop is not so well recognized In 
the monkey the lumbar injection of 20 000 units of penicillin causes 

3 Walker, A E , and Johnson, H C Convulsive Factor in Commercial 
Penicillin, Arch Surg 50 69-73 (Feb) 1945 
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Fig 1 — Electroencephalograms of a woman aged 19 who had a wound infection 
following thoracolumbar sympathectomy for high blood pressure 

(A) The record shows considerable abnormal activity tw'o days after penicillin 
therapy w^as started (5) Fifteen days later, or two days after stopping penicillin, 
the record show's substantial increase of abnormal activity in all areas Much 
of It appears as a slow'ed alpha w'ave (about 7 cycles per second) but there is 
considerable energy of both faster and slow'er frequency than the alpha activity 
(C) A tracing taken six days after penicillin treatment was stopped show's sub- 
stantial decrease of abnormal activity 
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Fig 2 Electroencephalograms of a w'oman aged 36 with an actinomycotic 
infection of the chest and spine 

A, a tracing taken before penicillin therapy was started, shows only a little 
muscular activity in the right parietal lead 5 is a record taken nine days after 
administration of penicillin for fourteen days , C is a tracing taken sixteen days 
after penicillin therapy was stopped 
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Fig 3 — Electroencephalogram of a woman aged 35 with an infection of the 
urinary tract A, a lecord taken two days after penicillin therapy was started, 
shows considerable fast, beta-like activity, which at times is sharp and spiky 
B, a record taken five days after penicillin therapy was stopped, shows substantial 
deciease in the fast activity 
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Fig 4 4, electroencephalogram of a man aged 38 who had an infection 

01 the urinary tract after removal ot a stone from the renal pelvis The record, 

taken four days aftei penicillin therapy was started shows fast activity in all 
leads 

B, record of a woman aged 24 who had an abscess m a laparotomy wmund, 
taken si\ days after treatment with penicillin w^as started Another record, 
^ken three months after penicillin therapy was stopped, did not look very different 
1 he patient w'as thought probably to have an epileptic diathesis 

C electroencephalogram of a 9 year old girl wdio broke her arm six daj^s 
before penicillin thcrap\ w'as started The record w’as taken se\en days after 
'idininistration of penicillin was begun The irregularities were considered ques- 
tionablv epileptic 
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the animal to inspect, rub and then vigorously scratch his tail and 
perianal legion for a half-hour or more after the injection After a 
few hours the animal appears normal again In man, however, a number 
of cases of sacral radiculitis have been reported to follow intrathecal 
penicillin therapy^ Paresthesias, urinary retention and sensory and 
motor disturbances in the lower extremities have characterized the 
clinical picture Fortunately, the radiculitis has usually cleared up 
m a few weeks or months 

Probably because the diffusion of penicillin from the lumbar sub- 
arachnoid space IS slow, alterations m cerebral function have not been 
seen even after the injection of enormous amounts of penicillin by 



P P CP 


Fig 5 — Histograms showing the convulsive responses (generalized fits, solid 
black, unilateral twitching, lined, and no convulsive manifestation, white) to 
the intracortical injection of crystalline {P P) and commercial (C P) penicillin 
in doses of from 250 to 2,000 Oxford units 

lumbar puncture However, if large doses of the drug are introduced 
into the cisterna magna, serious sequelae may result In both the 
experimental animal and man convulsive seizures, coma, and even death, 
may occur In the monkey 10,000 units of penicillin may induce these 
complications , m man 40,000 units has been known to produce them ® In 

4 Sweet, L K , Dumoff-Stanley, E , Dowling, H F , and Lepper, M H 
The Treatment of Pneumococcic Meningitis with Penicillin JAMA 127 
263-267 (Feb 3) 1945 

5 Neyman, C A , Heilbrunn, G , and Youmans, G P Experiments in the 
Treatment of Dementia Paralytica with Penicillin, JAMA 128 433-434 
(June 9) 1945 
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experimental animals the minimal convulsive dose of penicillin has been 
detennmed In the dog and monkey approximately 500 Oxford units 
of penicillin applied to the ceiebral coitex is sufficient to induce con- 
vulsive manifestations, which initially consist of clonic spasms of the 
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Fig 6 — Electrocorti cograms taken from electrodes screwed into the calvaria 
of a cat prepared with vinethene anesthesia The scalp was procainized, and the 
animal was given curare and artificially aerated 

A, control record R I indicates the right frontoparietal lead , R O, the 
right parieto-occipital lead, ^ P the left frontoparietal lead, and EKG the 
electrocardiogram 

B, record taken ten minutes after an injection of 5,000 Oxford units of 
penicillin in the subdural space of the left parietal region The spikes are 
particularly prominent in the left frontoparietal lead 

C, record taken thirty-five minutes after the injection, showing the spikes more 
irequcnt and larger in the right-sided leads 

D, E and F, records taken five hours after the injection These records are 
continuous, showing the electroencephalographic manifestations of a generalized 
convulsion 

An inter\al of one second is indicated by the horizontal line in the upper right 
corner, just below the first tracing at the right side is a calibration of 60 
microvolts 
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contralateral extremities but later usually involve all limbs m the man- 
ner of a generalized epileptic seizure In man, the convulsive thresh- 
old, as determined by as yet inadequate studies, appears to be 
considerably higher These toxic manifestations are not due to impu- 
rities m the penicillin, for pure crystalline penicillin induces the attacks 
(fig 5) In the experimental animal, monkey, cat or dog, the convulsive 
phenomena usually spontaneously deciease and disappear m eight to 
ten hours Occasionally the animal passes into coma and dies 
Anticonvulsant medication, such as administration of phenobarbital, 
will control the attacks in experimental animals After the spontaneous 
or pharmaceutically induced cessation of the seizures, the animal 
quickly recovers and the next day appears normal Gross examination 
of the brains of animals so treated shows only a small aiea of biownish 
discoloration at the site of the injection Microscopic studies of these 
lesions reveals a small granuloma, with lymphocytic infiltration prac- 
tically confined to the area of the injection 

It may, then, be concluded that penicillin when applied to the central 
nervous system in adequate amounts (fortunately, far above therapeutic 
requirements) will induce convulsive manifestations, which usually 
are of a temporary nature These clinical fits are accompanied with 
the electroencephalographic manifestations which characterize epileptic 
attacks (fig 6) 


STREPTOMVCIN 

Streptomycin, a bactericidal substance obtained from Actinomyces 
griseus, IS the least toxic of the antibiotic derivatives of the actino- 
mycetes ® It is effective against gram-negative bacteria in general, 
as well as against certain giam-positive organisma 

Knowledge of the effects of streptomycin on the nervous system is 
based on experimental studies on monkeys and cats After 10,000 
units of streptomycin was injected, without technical difficulty, into 
the cisterna magna of a monkey, rvithin two minutes the animal became 
unsteady and so ataxic that standing or sitting was impossible A 
spontaneous nystagmus and a fine tremor of the head developed The 
ataxia peisisted for several hours, but the following morning the 
animal appeared normal In another animal the injection of 5,000 
units of streptomycin induced the same phenomena When 2,500 units 
was injected in another monkey, the animal sat quietly humpied up 
m Its cage for several hours An intracisternal injection of 1,250 units 
of streptomycin in a monkey caused no apparent abnormality The 

6 Waksman, S A , Horning, E S , and Spencer, E L Two Antagonistic 
Fungi, Aspergillus Fumigatus and Aspergillus Clavatus, and Their Antibiotic 
Substances, J Bact 45 233-248 (March) 1943 
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injection of 1,250 units of streptomycin in the parietal coitex of each 
of 10 monkeys induced in 2 animals slow, awkwaid waving movements 
of the upper extremity contralateral to the site of injection and slow 
movement of reti action of the comer of the mouth These phenomena 
began approximately one-half hour after injection, lasted for one hour 
and graduallly subsided When the experiment was repealed on another 
day, 4 of the 10 monkeys exhibited the peculiar slow movements of the 
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Fig 7 — A senes of electroencephalograms taken on a monkey prepared with 
procaine anesthesia, curanzed and artifically aerated The leads were as follows 
RF-P , right frontal and parietal leads, LF-0, left frontal and occipital leads 
EKG, electrocardiogram taken from needle electrodes in the muscles of the two 
upper extremities The animal had had 25,000 units of penicillin implanted in the 
right frontal area six weeks before this experiment Probably the spiky, irregular 
hyperactivity of the cerebral cortex is due to this implant A, control record, 
B, record taken thirty minutes after mtracortical injection of 10,000 units of 
streptomycin into the left central (LC) region, showing more pronounced spikes 
and humps, C, record taken forty minutes after injection, with the humps and 
spikes still apparent, D, record one hour after the injection The irregular 
activity with spikes and humps, particularly on the left side, is prominent 
The horizontal line at the base indicates an interval of one second, the vertical 
line at the right, a calibration of 60 microvolts 
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contralateral extremities for one to two hours The following day 
all the animals appeared normal Gross examination of the brain of 
these animals showed the same minoi changes as in the brain into 
which penicillin had been injected Electroencephalograms taken aftei 
the application of 5,000 to 10,000 units of streptomycin to the cerebral 
cortex of 3 cats and 3 monkeys showed waves oi humps, lasting one- 
half second and occasional spikes from the leads on the side of injection 
In some animals, particularly in the monkeys, the cortical activity 
ovei the entire brain decreased and remained at a low level for one 
and a half to three hours (fig 7) 

It IS concluded that streptomycin applied to the central nervous 
system will induce mild convulsive manifestations of a temporar}'- nature 
The clinical and electroencephalographic manifestations are less severe 
than those produced by equivalent (at least in terms of units) doses of 
penicillin 

STREPTOTHRICIN 

Streptothncin, an antibiotic substance isolated by Waksman and 
Woodruff^ from Actinomyces lavendulae, has a pronounced bactericidal 
effect on gram-negative and on some gram-positive bacteiia Unfor- 
tunately, the drug is taiily toxic when administered systemically Its 
local application to the cerebral cortex of the cat and monkey in doses 
of 5,000 to 10,000 units induced clinical and electroencephalographic 
evidence of convulsive phenomena, which peisisted for twm to thiee 
hours and then spontaneously ceased (fig 8) 

In 2 monkeys, after mtracortical injection of 5,000 units of strepto- 
thncm the convulsive phenomena continued to be manifested as twitching 
of the side of the face and the ipsilateral uppei extremity for more than 
two weeks, at the end of which time the animals weie killed Beneath 
the site of injection an area of encephalomalacia was present, wnth 
numerous petechial hemorrhages It would appear, then, that strepto- 
thricin not only is a convulsive agent but in some cases causes a 
neciobiotic reaction in the brain 

ACTINOMYCIN 

Actinomycm, a crystalline substance, isolated by Waksman and 
Woodiuff ^ from Actinomyces antibioticus, is a powerful bacteriostatic 
agent but is highly toxic when given systemically to experimental 
animals 

The effect of actinomycm on the central nervous system has been 
studied in 11 monkeys and 2 cats In 1 monkey 1 mg of actinomycm 

7 Waksman, S A , and Woodrutf, H B Selective Antibiotic Action of 
Various Substances of Microbial Origin, J Bact 44 373-384 (Sept ) 1942 
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(equivalent to about 1 mg of ciystalline penicillin) dissolved in isotonic 
solution of sodium chloiide was injected into the cisteina magna The 
animal appealed noimal until about nine houis latei, when it became 
noisy and lestless If it was distuibed, fasciculai twitchmgs were noted 
in the muscles of the extiemities Twenty-two houis after the injection 
the animal was noisier, appealed apprehensive and was lying down in the 
cage The fasciculations of the limb musculatiiie weie moie violent, 
and local and geneiahzed tonic spasms developed Twenty-eight hours 
aftei the injection the animal died The hi am appealed grossly noimal, 
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Fig 8 — Electroencephalograms of a cat prepared with procaine anesthesia, 
curarized and artificially aerated The leads are as follows RF-P, right frontal 
and parietal leads, RP-0, right parietal and occipital leads, LF-0, left frontal 
and occipital leads , EKG, electrocardiogram taken from needle electrodes in the 
muscles of the two upper extremities 

A control record, B, record taken forty minutes after injection of 10,000 
units of streptothricin in the left centraF region {LC), showing the generalized 
(wcreased cortical activity and spikes, which are more pronounced on the left side 
than on the right, C, record one hour after the injection The cortical activity 
IS returning, but the spikes are still present 

The horizontal line at the base represents an interval of one second, the 
vertical line at the right, a calibration of 60 microvolts 

« 

but histologic examination showed a severe meningitis, with leukocytic 
infiltration and neuronal changes in the cerebral cortex and brain stem 
In a senes of 10 monkeys, 1 mg of actinomycm was injected into 
the left parietal region of the cerebral cortex The animals appeared 
well on the day of injection, but the next day all were apathetic, akinetic 
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and anorexic On the second day spasms of the foiehmbs were noted 
in several animals On the morning of the third day 3 of the animals 
were dead The others were prostrated , 6 of them had right-sided clonic 
fits, lasting two to three minutes and occasionally developing into gen- 
eralized convulsions One of the 6 animals had right hemiplegia Three 
of these animals were killed Of the 4 remaining monkeys, 1 died on the 
fifth day, 1 on the sixth day and 1 on the seventh day, and the last 
animal was killed on that day The brains of all ten animals presented 
similar lesions The left cerebral hemisphere was swollen, and about 
the point of injection was a discolored area, varying from a few milli- 
meters to 2 or 3 cm in diameter Sections of the brain showed an area 
of necrosis below the point of injection, with pronounced edema and 
perivascular hemorrhages m the surrounding brain 
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Fig 9 — Electroencephalograms taken from a monkey three days after the 
intracortical injection of 1 mg of actinomycin in the left central (LC) region 
The slow waves m the left leads and spiky, irregular activity in the right leads 
are quite evident The leads are as follows RF-P, right frontal and parietal 
leads , LF-0, left frontal and occipital leads , RP-0, right parietal and occipital 
leads, EKG, electrocardiogram taken from needle electrodes in the muscles of 
the tw'o upper extremities The horizontal line at the base indicates an interval 
of one second , the vertical line at the right, a calibration of 60 microvolts 

Electroencephalograms made immediately aftei the application of 
actinomycin to the cerebral cortex of two cats showed only a few spikes 
m the leads from the side of the brain in which the injection was made 
Records made of 1 monkey three days after the intracortical injection of 
1 mg of actinomycin showed conspicuous increase in electrical activity 
with irregular spikes (fig 9) 

It is concluded that actinomycin produces a severe necrobiotic reac- 
tion when applied to the cerebral cortex, manifested clinically by apathy, 
convulsive phenomena and death The drug appears rather toxic even 
when given in relatively small doses into the cisterna magna 
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CLAVACIN 

Clavacin, an antibiotic substance derived from Aspergillus clavatus, 
IS bactericidal to both gram-positive and gram-negative bacteria, but it is 
highly toxic when administered systemically 

Clavacin in granular fonn applied to the cerebral cortex even in 
relatively large amounts produces no clinical or electroencephalographic 
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Fig 10 Electroencephalograms taken from a cat prepared with procaine anes- 
thesia, curarized and artificially aerated The leads are as follow RF-P, right 
frontal and parietal leads, RP-0, right parietal and occipital leads, LF-0, left 
frontal and occipital leads, EKG, electrocardiogram taken from muscles electrodes 
inserted in the muscles of both upper extremities 

A, control record, B, record two minutes after the injection of 1 rag of 
c avacin in the left central (LC) region (the convulsive activity is pronounced) , 

C, record three minutes after the injection, showing a generalized seizure, 

D, record five minutes after the injection, with decreasing cortical activity and 
only occasional spikes, E, record thirty minutes after the injection, with the 
cortical activity abolished 

The horizontal line at the base indicates an interval of one second , the 
vertical one at the right, a calibration of 60 microvolts 
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abnormalities If, howevei , the clavacm is dissolved m water by heating 
and IS then applied to the parietal cortex in doses of 5 to 10 mg , pro- 
nounced changes occui m the electioencephalogram (fig 10) The 
normal electiical activity of the cerebral cortex is rapidly dampened, 
so that twenty minutes aftei the application of the drug the record is 
absolutely flat In 1 cat, after application of 10 mg of clavacm dis- 
solved in 0 5 cc of isotonic solution of sodium chloride severe convulsive 
phenomena appeared in the electroencephalogram, and within two 
minutes a major convulsion was lecorded electroencephalographically 
After this attack the electrical activity on the side of the injection 
decreased, although diphasic spikes weie still present in the leads from 
the other side Aftei ten minutes the lecord was flat 

COMMENT 

All the antibiotic substances so far examined have shown convulsant 
piopensities when directly applied to the central neivous system in large 
doses The intensity of the epileptogenic factor varied with the diug 
being tested Comparison of then convulsant effect is difficult, because 
their antibiotic activities are not equivalent, penicillin being effective 
large!}' against gram-positive organisms and streptomycin against gram- 
negative bacteria Until the active piinciples aie isolated in chemically 
pure form, a \ahd comparison of the convulsant factors is impossible 
It seems reasonable to state however, that penicillin and streptomycin 
may be applied to the central nervous system without toxic effects m 
doses far above an adequate antibiotic concentration, hereas streptothri- 
cin, actinomycin and claA'acin appear to produce seA'ere toxic effects in 
concentrations little, if at all, aboA'e therapeutic levels It would seem 
then that the latter antibiotic substances Avould not be acceptable for 
clinical use in the central neivous system even if they had no systemic 
toxic effects The othei drugs, fiom the standpoint of coiiAulsive effects, 
would appear to be acceptable foi therapeutic application to the central 
nervous system in antibiotic concentrations All, hoAAevei, ma} give 
rise to convulsive phenomena if large doses are administered The mar- 
gin between the therapeutic concentration and the convulsive threshold is, 
hoAveA'er, so gieat that with reasonable care the toxic effects should be 
avoidable 

SUMMARY 

Clinical and experimental studies indicate that penicillin may pioduce 
convulsive manifestations During systemic administration for condi- 
tions other than primary ones of the central nerA'ous system, the electro- 
encephalogram was found to be abnormal m more than 60 per cent of a 
series of 51 patients Control records taken before and aftei penicillin 
therapy usually showed normal tracings Large doses of penicillin 
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injected intrathecally in man or monkey may give rise to convulsions, 
followed in some cases by coma and death The application of as little 
as 500 international units to the cerebial cortex of the macaque monkey 
may induce epileptic attacks 

Streptomycin in cats and monkeys applied to the ceiebral cortex 
in doses of 1,250 units induced convulsive manifestations in 30 per cent 
of the animals Electroencephalograplnc records at such times showed 
slow waves and spikes, with subsequent deciease of cortical activity 
lasting for one and one-half to three houis Cisteinal injection in the 
monkey of 2,500 units of streptomycin induced signs of seveie ceiebellar 
dysfunction 

Streptothricm applied to the parietal ceiebral cortex m doses of 5,000 
to 10,000 units produced clinical and electroencephalograplnc convulsive 
manifestations Although these phenomena usiiall) disappeared spon- 
taneously in two to three hours, in 2 monkeys they persisted for two 
weeks At necropsy the biaiiis of these animals showed extensive soften- 
ings with perivascular petechial hemoirhages 

Actmomycm injected into the ceiebral cortex or the cisterna magna 
in a dose of 1 mg aftei a latent period of nine hours produced severe 
prostration, fasciculations and convulsions, with death in one to seven 
days At the site of injection into the cerebral cortex a severe necro- 
biotic reaction with edema and petechial hemorrhages was found 

Clavacm when injected into the cerebral cortex m doses of 5 to 10 
mg induced clinical and electroencephalograplnc manifestations of con- 
vulsive phenomena with a marked deciease in spontaneous cerebral 
activity 

There appears to be a wide margin of safety between the antibiotic 
concentration of penicillin and streptomycin and the convulsive threshold 
for those drugs Such does not appear to be the case for streptothricm, 
clavacm or actmomycm Although penicillin has few toxic reactions, 
if it IS given m excessive amounts m the cerebrospinal fluid, severe neural 
sequelae in the form of radiculitis or convulsions may develop 

University of Chicago Clinics 



ABNORMAL DELAY OF VISUAL PERCEPTION 


ERICH SACHS, MD 

CHICAGO 

T he need for discovering a nervous disorder as early as possible 
IS obvioiis The diagnostic method to be described here utilizes 
a peculiar visual phenomenon which makes possible recognition of 
minute unilateral delays in perception of visual impulses It is expected 
that this method, which takes advantage of the high degree of sensi- 
tivity of visual reception, will promote recognition of the disturbed 
function of the optic nerve at an earlier state than is obtainable with 
the existing methods 

Fully aware of the incompleteness of my clinical investigations,^ 
which began m 1942 and were interrupted by the exigencies of the war, 
I present the method for the purpose of further study in competent 
institutions 

THE PULFRICH ETFECT 

The basic phenomenon is easily observed with the following simple 
setup Let a pendulum (some small dark object tied to a thread) 
swing 111 front of and parallel with a light vertical background, and 
either squeeze one eye by an attempt at forceful closing or put a smoked 
glass in front of one eye Suddenly the pendulum no longer appears 
to swing in a plane parallel with the background but seems to describe 
a horizontal circle, approaching the observer and receding behind its 
initial, vertical, plane In other words, a stereoscopic, three dimensional 
effect is produced by an actually two dimensional movement 

An explanation of this phenomenon, first observed by an astronomer, 
was made and published by Pulfnch - (who paradoxically, was one 
eyed from childhood and was thus deprived of stereoscopic vision) 
Reduction of the light entering one eye makes the image on this retina 
darker than the image on the other retina It being accepted that of two 
optic impulses the weaker one is transmitted more slowly, the sensation 
from the eye with dimmed vision is registered in consciousness a 
trifle later than the sensation from the unobstructed eye Under the 

1 This investigation was supported in part by the Jennie Grogan Mendelson 
Memorial Fund for Ophthalmology and was carried out at the Ophthalmic Research 
Laboratory, Wayne University College of Medicine 

2 Pulfnch, C Stereoscopy in the Service of Isochromatic and Hetero- 
chromatic Photometry, Naturwissenschaften 10 553 (June) 1922 
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special experimental conditions, this time difference is transposed into 
a spatial diffeience, with resulting stereoeffect 

(A detailed description of this “Pulfiich effect” will be piesented at 
the end of this paper ) 

RATIONALE OF CLINICAL APPLICABILITY 

In the original experiment, the time difference between peiception 
of the optic impulses on the light and left sides is pioduced by an 
objective difference of illumination The same effect may be expected 
to occur in spite- of identical illumination for the two eyes if the trans- 
mission of the impulses between retina and visual cortex is delayed 
unilaterally, owing to pathologic conditions This delay, however, may 
be so minute as to be below the thieshold of consciousness, thus neces- 
sitating some “magnifying” procedure in order to promote its lecog- 
nition Such a procedure was 'developed along the following line of 
thought 

In normal subjects the Pulfrich effect is induced when the biight- 
ness diffeience for the two eyes has reached a certain magnitude It is 
to be expected that the brightness diffeience required for the effect 
would be smaller for persons with an already existing “subthi eshold” 
delay m transmission of impulses Hence it is necessary only to design 
a simple quantitative method of reducing the intensity of the incident 
light for either eye 

DEVICE FOR CLINICAL INVESTIGATION 

In a regular frame for refraction work one pair of polaroid glasses was 
fitted for each eye While the polaroids adiacent to the eye were fixed in their 
positions, the outer polaroids could be rotated, with the angle of rotation easily 
measured on a scale along the circumference of the frame The initial position 
of the outer polaroids was adjusted for maximal transmission of light Rotation 
of either — right or left — outer polaroid resulted in gradual 'darkening of any 
desired degree, with a defined relation to the angle of rotation 

The apparatus 3 consisted of a framed square of frosted glass, an electric 
light behind the glass produced the illumination of the screen, in front of which, 
in the lower half of the field, a vertical black rod moved with constant, but 
variable, speed from one side of the frame to the other, to and fro This rod 
was driven by an electromotor , the speed of the movement was controlled bv 
a resistance and measured by means of a modified taxmeter checker A fixed 
metal rod attached to the center of the upper frame extended vertically downwaid 
into the upper half of the field The lengths of the fixed and of the movable rod 
were so adjusted that the lower rod when passing its midway position appeared 
to be the direct continuation of the upper rod 

This fixed rod serves two purposes It is the fixation point for the observer, and 
it marks the virtual center of the apparent circle desciibed by the moving rod 
when the stereoeffect becomes manifest 


3 Manufactured by the Nichols-Chase Company, Detroit 
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PROCEDURE OF TESTING FOR FULFRICH EFFECT 

Since a normal observer serves as the standard of comparison, the extent of 
darkening required to elicit the stereoeffect is determined for each eye of the 
investigator before the patient is examined (This value remained amazingly 
constant, as recorded over a period of five months ) It is advisable to have the 
rotation of the movable polaroid made by an assistant, at least in the beginning, 
in order to avoid the pitfall of training muscle and posture sense of the rotating 
fingers, tending to stop the rotation always at the same position It is also 
essential to proceed rather fast from the initial position of the polaroid When 
the darkening proceeds at a slow pace, the threshold is “driven” , the observer 
is fatigued, and it becomes difficult to decide where the stereoeffect began 

The observer should be seated at such a distance from the apparatus that the 
two rods can be clearly recognized For an observer with emmetropic or corrected 
vision a distance of approximately 6 feet (180 cm) proved satisfactory With 
myopic subjects, if no eyeglasses are worn, the distance must be reduced 

For a given brightness difference between the eyes, the Pulfrfch effect becomes 
more intense the faster the movable rod travels through the illuminated field 
There is, however, a speed limit to this intensification when fatigue and blur 
intervene Hence it is important to select a speed which is favorable for an 
impressive stereoeffect and to keep this speed constant throughout the test 

Testing proceeds in the following steps 

1 The room is darkened, and the frosted glass is illuminated 

2 The normal observer, at the chosen distance, adjusts the outer, mo\able, 

polaroids for maximal transmission of light while looking at the 
illuminated screen The numerical value of this starting position is 
recorded 

3 The motor is turned on and kept at convenient speed 

4 The outer polaroid of one eye is rotated until the Pulfnch effect appears 

The angle of rotation is recorded and the test repeated from three to 
five times 

The same procedure is earned out with the other eye 

Before the patient undergoes the testing, the following factors must be 
determined 

1 Whether the pupils are of equal width Although slight or even moderate, 

anisocona did not seem to influence the threshold of the Pulfnch 
effect, a considerable pupillary difference will create such difference m 
retinal brightness as to influence the stereoeffect Similarly, conieal 
opacities or cataract may interfere with the test 

2 Whether the patient when looking at the illuminated glass with both 

eyes and alternately with either eye experiences any difference of 
brightness sensation between his eyes If he does, the test cannot be 
applied 

3 Whether the patient when looking at the screen with the rod m motion 

but without polaroids experiences the Pulfinch effect There are 
persons who do, and from the direction of the apparent circular move- 
ment — ^whether clockwise or counterclockwise — the side of the trans- 
missional delay can be determined'* 


4 The phenomenon is explained in connection with the figure 
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4 Whether the patient experiences the Pulfnch effect at all There are not 
infrequently persons who, in spite of extreme brightness difference and 
high speed of the moving rod, fail to experience the Pulfnch effect 
This failure may be caused by any of the following conditions 
ip) The capacity for stereopsis may be totally lacking (In this connection, 
It IS worthy of note that persons tested m this series showed normal 
steropsis [stereoscopic picture test] but did not exhibit the Pulfnch 
effect ) 

ib) When perception of movement is impaired it is likely to involve percep- 
tion of the Pulfnch effect 

(c) People do not see what they do not expect to see or are not used to 
seeing Hence it is of prime importance to demonstrate the stereo- 
effect as impressively as possible to the patient before the quantitative 
testing starts, by creating a distinct brightness difference between the 
two eyes 

DEFINITION OF "nORMAl/'’ "QUESTIONABLY ABNORMAL^'' AND 
“abnormal” PULFRICH EFFECT 

The Pulfnch effect was considered normal for differences of rotation up 
to 15 degrees from the normal observer, since difference of this magnitude 
occurred in the majority of patients With differences over 15 and under 25 
degrees the Pulfnch effect was called "questionably abnormal ” The effect was 
considered "abnormal” when the patient required consistently in all 3 trials or 
m 3 out of 5 trials at least 25 degrees less rotation of the Polaroid than does 
the normal observer 


RESULTS 

Seventy-four male patients (white persons and Negroes) were exam- 
ined in order to obtain some idea of the quantitative aspect of the 
Pulfnch effect, no attempt was made to select patients with such 
conditions as would most likely involve the visual sector All patients 
were inmates of Eloise Hospital 

They presented the following diagnoses 

No of Patients 


Alcoholism, chronic 4 

Amyotrophic lateral sclerosis 1 

Brain tumor (questionable) 2 

Cerebellar ataxia 1 

Convulsive disorder 3 

Tumor of spinal cord 1 

Senile dementia 1 

Diabetes melhtus 1 

Extirpation of right parieto occipital subcortical area 

(gumma) 1 

Dementia paralytica 3 

Hemiplegia 5 

Idiopathic epilepsy 1 

Cerebral spastic infantile paralysis (Little’s disease) 2 

Cerebrospinal syphilis 5 

Syphilis (peripheral neuritis) 1 

Atrophy of optic nerve 1 

Postencephalitic paralysis agitanis 3 

Basophilic adenoma of the pituitary Z 

Polycythemia vcra 1 

Cerebellopontile tumor 1 

Multiple sclerosis 4 

Tabes dorsalis IG 

Tabetic form of dementia paralytica 2 

Condition undiagnosed at the time of testing 13 


Total 


74 
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Testing these patients for the Pulfnch effect produced the follow- 
ing results 

1 Five patients demonstrated an abnormal Pulfnch effect They pre- 
sented the following diagnoses tabes dorsalis, 2 patients , tabetic form 
of dementia paralytica, 1 patient, chronic alcoholism, 1 patient, and 
diabetes melhtus, 1 patient 

2 In 1 patient with tabes dorsalis there was a questionably abnormal 
Pulfnch effect 

3 In 1 patieut with the diagnosis of “convulsive disoider” the 
Pulfnch effect became less distinct when the speed of the moving rod 
was decreased, m contrast to the normal situation, in which speed 
-enhances perception of the stereoeffect 

4 In 2 patients the Pulfnch effect could be elicited for the one eye 
only The condition of 1 of these patients was undiagnosed at the 
time of the testing He was very intelligent, the pupils were of equal 
width, and steieopsis was present The other patient offered a diag- 
nostic problem, suggestive of cerebral tumor, syphilis of the central 
nervous system, chronic alcoholism or subdural hemorrhage His 
vision w’’as reduced, and the pupils were round, the left being smaller 
than the right When the right eye was darkened, the Pulfnch effect 
was clearly experienced, but no degree of darkening of the left eye 
or any variation of speed w^as capable of eliciting the Pulfnch effect 
This patient, too, had unimpaired stereopsis 

5 Seventeen patients did not experience the Pulfnch effect at all 
For these patients the diagnoses were as follows multiple sclerosis, 1 , 
syphilis of the central nervous system, 2, postenceplialitic paralysis 
agitans, 2 , basophilic adenoma of the pituitary gland, 1 , polycythemia 
vera, 1 , dementia paralytica, 1 (this patient showed anisocona, wdnch, 
however, had failed to facilitate the Pulfnch effect) , idiopathic epi- 
lepsy, 1 and senile dementia, 1 One patient was a girl of 13, with 
nausea, severe headache and oculomotor palsy One patient was 
examined nineteen days after extirpation of a subcortical gumma in the 
right paneto-occiptal area , his stereopsis was unimpaired 

For 5 patients no diagnosis had been made at the time of the testing 
Three of them appeared to have normal stereopsis, but m the fourth 
the existence of stereopsis remained in doubt 

6 T'welve patients were so inconsistent or noncooperative that no 
evaluation of their results was possible 

7 The remainder, of 36 patients, matched the Pulfnch threshold of 
the normal observer 
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COMMENT 

Site of the Nonml Piilfjich Effect — The most likely site of the 
Pulfnch effect is a synaptic delay m conduction of the optic impulse 
at the level of the letinal ganglion cells 

Ougin of the Abnoimal Pulfnch Effect — The abnormal Pulfnch 
effect may indicate an intensified synaptic delay It is premature to 
theorize on the causes of such delay, i e, whether the electrical or 
the chemical factors involved in the transmission of impulses have 
undergone changes Clinically it has been known for decades that m 
cases of tabes the perception of pain resulting from peripheral stimula- 
tion may be considerably delayed 

Another possible cause of the abnormal Pulfnch effect is demyehna- 
tion of the nerve fiber itself, with consecutive slowing of conduction 

A study of the correlation between the abnormal Pulfnch effect and 
neurohistopathologic changes is highly desirable but may encounter diffi- 
culties The “sensitivity” of the Pulfnch effect is high — it is possible 
to register differences of less than 0 001 second between visual sensa- 
tion on the right side and that on the left — and this indication of 
deteriorating function may well precede the histochemically demonstrable 
changes of structure 

Another field of study is the correlation of the Pulfnch effect, stere- 
opsis and perception of movement The setup for eliciting the Pulfnch 
effect is flexible, lending itself to many modifications and being capable 
of both a high degree of accuracy and technical simplicity for clini- 
cal studies 

The influences of dark adaptation and pupillary dilation on the 
quantitative outcome of the rotation of the light-reducing polaroid remain 
to be studied 

Dark adaptation of the darkened eye would increase the apparent 
brightness, while the pupillary dilation would tend to counteract the 
reduction of intensity of the incident light It is unknown to what 
extent the speed of transmission of impulses depends on (1) the physical 
intensity of the light stimulus and (2) the state of adaptation, i e, 
the intensity of the sensation It appears, however, from the uni- 
formity of values for the same observer, as well as from the agree- 
ment among many other observers, that any modification introduced 
by adaptation and pupillary reflex is accounted for by an allowance 
of up to 15 degrees of rotation When the outer polaroid is rotated 
rapidly and the judgment is made accordingly, the influence of adapta- 
tion IS made negligible As to the pupillary reaction, it may prove 
advantageous to employ an artificial pupil in front of each eye 

Analysis of Cases — Only a superficial analysis of the results for 
the relatively small number of patients is possible 
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The largest number of subjects with an abnormal or a questionably 
abnormal Pulfrich effect is found among tabetic patients All these 
patients exhibited the Argyll Robeitson phenomenon, m 3 of them 
the pupils weie of equal size, while in a fourth the right pupil was 
barely appreciably smaller than the left The 2 other, nontabetic, 
patients reacted normally to light This predominance of tabetic 
patients may be significant, however, it must be remembered that the 
number of patients with the diagnosis of tabes dorsalis and the tabetic 
form of dementia paralytica by far exceeds that of the patients with 
any other disease examined 

One of the patients with a convulsive disorder had undoubtedly some 
visual disturbance He recognized the rod when m movement or in 
the resting position but complained of haziness of the outlines Whereas 
normally the Pulfrich effect is enhanced by increasing the speed of the 
moving rod, the opposite phenomenon — enhancement b}’’ decreasing the 
speed — was observed m this patient This paradoxic reaction could 
be explained on the basis of impaired perception of movement, which 
increases with increasing speed Within a limited range, perception of 
the moving rod was adequate to assure the Pulfrich effect 

An explanation of the seemingly queer phenomenon in the 2 patients 
exhibiting the effect in one eye only cannot be offered The piesence 
of the Pulfrich effect when the one eye was darkened and its absence 
when the other eye was darkened would theoretically mean that, although 
stereovision exists ivhen, say, the right eye receives less light than the 
left eye, the patient cannot maintain stereovision if the other (left) eye 
receives less light I know of no experiments in which static stereopsis 
has been studied under conditions of brightness differences for the right 
and for the left eye 

CONCLUSIONS 

The assumption has been confirmed that unilateral delay of percep- 
tion of visual impulses can be demonstrated with simple means which 
transpose the time difference into a spatial pattern 

The presence of such unilateral delay may be the first sign of a lesion 
in one optic nerve 

The simplicity and sensitivit}’’ of the described method promise to 
facilitate the discovery of pathologic changes at an early state 

In the diagram, 5'5 indicates the plane of the illuminated background 
(screen) , n, the position of the fixed metal rod, extending from the 
upper frame, and m — ^ m the moving rod entering the visual 
field from the left, coinciding with the position of the fixed rod midway 
and returning from the right The left {A^) and the right (Ao) eye 
look at the fixed rod n, as designated by the lines of vision n and 
A^ n A darkening device is indicated in front of the left eye A^ 
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When the moving rod on its way from the left to the right is localized 
at m'z by the right eye, the delayed perception of the left eye 
results m a lag, so that the moving rod is localized for the “slower” 
eye at m\, this double localization, howevei, produces not two images, 
but one image, localized at the intersection oi A in\ and Ao m'o, in m' , 
behind the plane of actual movement At the two points of reversal 
of movement, when the rod comes to a standstill, the two eyes localize 
the rod at the same place When the rod returns from the right point 
of reversal, the right eye sees the rod at inA, while the left eye localizes 

GRAPHIC DESCRIPTION OF THE PULFRICH EFFECT ( FIGURE) 


tn' 



Diagram of the Pulfnch effect (after PuHnch-) 

the rod at m/' , binocular localization occurs at in", m front of the 
plane at the point of intersection of A^ mA and A2 mA Thus, a 

clockwise movement results from delaying the perception of the left 

eye, and a counterclock movement, from delaying perception of the 
right eye 

SUMMARY 

When a normal observer looks at a pendulum swinging in front 
of an illuminated background and a smoked glass is placed in front 
of one eye, the pendulum appears suddenly to describe a horizontal 
circle This stereoeffect — the so-called Pulfnch effect — results from 
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a lag of perception originating in the eye behind the smoked glass 
The physiologic basis of the Pulfrich eftect is probably the slower con- 
duction of impulses and/or transmission of the weaker of two, other- 
wise identical, stimuli 

This noimal Pulfrich effect is elicited by a brightness difference 
of certain magnitude between the illuminations of the two eyes It is 
assumed that in persons with a pathologic condition of one optic nerve 
abnormal delay in conduction and/or transmission of impulses may be 
an early occurrence This delay, however, at its early stage, may be 
below the threshold of perceptibility, requiring a special “magnifying” 
device for demonstration 

The assumption is made that for persons with such subthreshold 
delay the light intensity for the eye on the affected side requires less 
reduction than for a normal observer in order to make the Pulfrich 
effect manifest 

A simple method of producing and measuring the Pulfrich effect by 
means of a moving rod and two pairs of polaroids is described 

Examination of 74 patients selected at random revealed the actual 
existence of abnormal unilateral delays in 5, possibly 6, patients 

Relations of the Pulfrich effect, static stereopsis and perception of 
movement and the site and cause of the abnormal Pulfrich effect are 
discussed, and the study of correlations between the abnormal effect 
and histopathologic changes is suggested 

913 West Agatite Street (40) 



DOMINANT BRAIN WAVE FREQUENCIES AS MEASURES OF 
PHYSICOCHEMICAL PROCESSES IN CEREBRAL CORTEX 

I CHARLES KAUFMAN, MD* 

AND 

HUDSON HOAGLAND, PhD, Sc D $ 

SHREWSBURY, MASS 

I T IS now -well known that the electroencephalogi am is modified by 
a variety of factors influencing the physicochemical environment of 
the brain Studies of the effects of such agents as carbon dioxide, 
oxygen tension, blood sugar, tempeiature and drugs have been made 
by many investigators on the measurable vaiiables per cent time 
present of the alpha activity, delta index, dominant fiequency (usually 
the alpha frequency), wave amplitude or voltage and the form of the 
frequency spectrum In this paper we point out why we believe that 
one of these measures is superior to the others for fuinishmg informa- 
tion about the chemical dynamics of the cortex and show why some 
current methods of analysis of frequencies m the electioencephalogram, 
while empirically interesting, must give discrepant results when com- 
pared with other methods 

The most conspicuous aspect of the normal electroencephalogram 
IS usually the alpha rhythm This is a rhythm of a specific frequency, 
characteristic of the individual subject, of from 8 to 13 cycles per 
second The waves are easily recognized m most records and are of 
sinusoidal form The constancy of their frequency for a given person 
suggests their production by basic, constant cliemical dynamics The 
alpha frequency per se is little affected by sensory stimuli, and m this 
way It IS in sharp contrast to measures of the amount of time the alpha 
waves are present in the record, i e , to the “per cent time alpha activity ” 
For example, when the eyes are open, the alpha frequency is the same as, 
or perhaps cycle faster than, it is when they are closed , but the per 
cent of time the alpha activity is present is greatly decreased, or the 
rhythm may even be eliminated for a time, when the eyes are open 

In like manner, it is a commonplace experience of students of the 
electroencephalogram to find m a given group of relaxed subjects with 
closed eyes, all of whom show a clearly countable alpha frequency of, 
say, 10 cycles pei second, that these waves may vary from 10 to 90 per 

* On active duty \\ ith the armed forces 

t Fellow of the John Simon Guggenheim Memorial Foundation 
From the Worcester Foundation for Experimental Biology and the Worcester 
State Hospital, Worcester, Mass 
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cent in the percentage of time they are present Thus, the frequency 
of the alpha rhythm and the per cent of time it is present are inde- 
pendently variable and must therefore be controlled by quite different 
mechanisms Any method of analysis that fails to recognize this and 
measuies these two vaiiables indiscriminately is not in a position to 
delineate underlying determinants of eithei one, despite the empiric 
changes it may reveal in gioss pioperties of the brain waves when the 
chemical environment of the brain is modified by physiologic agents 

It IS generally accepted that the amplitude of the waves is a rough 
measure of the number of cellular units contributing to the voltage The 
frequency of the waves has been shown to be determined by quite 
different factors, which we shall discuss Little is known about the 
mechanism underlying the percentage of time the alpha waves are 
present beyond the unproved hypothesis that it depends on the synchrony 
of the units contributing to the response, which is destroyed by 
afferent stimulation Why some people have much and others little 
or no alpha activity is unknown 

Frequency m terms of waves per second is by definition a rate, 
and one is tempted to ask, a rate of what^ In a series of papers, 
beginning in 1936, one of us (H H ) and collaborators investigated 
this problem by studying the relation of the dominant, or alpha, 
frequency to aspects of cerebral metabolism It was shown that the 
alpha frequency in man, when studied in relation to the internal body 
temperature (by means of diathermy) follows the Arrhenius equation 
known to describe the velocity of chemical reactions as a function of 
tempeiature Of much more significance was the observation that the 
activation energy, or temperature characteristic, of the alpha rhythm 
calculated from this equation gave three values, each one of which has 
frequently been encountered in measurements of oxidation rates of cell 
suspensions and tissue slices in vitro We have been able to identify 
two of these values with specific enzyme systems extracted from tissues ' 
One corresponds to the activation energy of the oxygen-activating cyto- 
chrome system prominent in most tissues, including brain, and the 
other, to the no less important dehydi ogenase enzyme that converts 
succinate to fumarate, thereby furnishing hydrogen to combine with 

1 Hoagland, H Pacemakers of Human Brain Waves m Normals and in 
General Paretics, Am J Physiol 116 604-615, 1936, Some Pacemaker Aspects 
of Rhythmic Activity in the Nervous System, in Cold Spring Harbor Symposia 
on Quantitative Biology, Cold Spring Harbor, N Y , The Biological Laboratory, 
1936, vol 4, pp 267-284 

2 Hadidian, Z , and Hoagland, H Chemical Pacemakers I Catalytic 
Brain Iron, II Activation Energies of Chemical Pacemakers, I Gen Physiol 
23 81-99, 1939, III Activation Energies of Some Rate-Limiting Components 
of Respiratory Systems, ibid 24 339-352, 1941 
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the cytochrome-activated oxygen The third value of activation energy 
for alpha brain wave frequencies has not as yet been related to any 
specific enzyme system This last value characterizes the normal electro- 
encephalogram The values corresponding to succmodehydrogenase 
and to the cytochrome system were encountered at various advancing 
stages of dementia paralytica These results could be accounted for 
satisfactorily by the view that the fiequency of the alpha rhythm is 
directly proportional to the velocity of a chemical pacemaker or bottle- 
neck in the serial chain of enzyme-catalyzed events involved in cerebral 
respiration Syphilitic encephalitis apparently alters the relative veloci- 
ties of various steps m cerebral respiration, so that with the pi ogression 
of the disease the slowest step m the respiratory chain shifts, with the 
result that first one, and later another, step becomes the chemical pace- 
maker Our studies of the relation of alpha frequencies to the sugar ® 
and oxygen^ of the blood, to dimtrophenol ® and to thyroxin “ all were 
consistent with these general observations 

It should be made clear, however, that it is the change m the alpha 
frequency that is proportional to the change m the cellular respiration 
The absolute rate, e g , 10 cycles per second, is contingent on the 
electrical constants of the tissues as well as on the respiratory rate of 
the cells, and these constants are only indirectly related to oxidative 
events A recent review of the work on chemical pacemakers in relation 
to the frequencies of physiologic events has been made liy Hoagland ’’ 

In the studies previously mentioned, frequencies were obtained by 
simply counting the number of alpha waves per second in the records 
with dominant alpha activity for large samples and averaging, so that 
mean values statistically significant to 0 1 cycle per second were obtained 

3 Hoagland, H , Rubin, M A , and Cameron, D E Electroencephalogram 
of Schizophrenics During Insulin Hypoglycemia and Recovery, Am J Physiol 
120 559-570, 1937 

4 Himwich, H E , Hadidian, Z , Fazekas, J F , and Hoagland, H Cere- 
bral Metabolism and Electrical Activity During Insulin Hypoglycemia m Man, 
Am J Physiol 125 578-585, 1939 

5 Hoagland, H , Rubin, M A , and Cameron, D E Brain Wave Fre- 
quencies and Cellular Metabolism Effects of Dimtrophenol, J Neurophysiol 
2 170-172, 1939 

6 Rubin, M A , Cohen, L H , and Hoagland, H The Effect of Arti- 
ficially Raised Metabolic Rate on Electroencephalogram of Schizophrenic Patients, 
Endocrinology 21 536-540, 1937 

7 Hoagland, H Chemical Pacemakers and Physiological Rhythms, in 
Alexander, J Colloid Chemistry, New York, Remhold Publishing Corporation, 
1944, vol 5, pp 762-785 
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Recently, Engel and collaborators® have used a new method of 
frequency analysis m studies of effects of physiologic agents on the 
electroencephalogram This method is different from that which we 
have used for defining and measuring the dominant frequency, and 
quantitative agreement between the methods could not be expected 
Biazier, Fmesmger and Schwab,® on the other hand, have developed 
what seems to us a more satisfactory method of dealing with the 
electroencephalographic spectrum, based on studies of the dominant 
frequency or frequencies Their method usually yields a main dominant 
frequency identical with the alpha ihythm as we have studied it Since 
we have found that quantitative changes m such fiequencies may serve 
as a direct key to underlying chemical kinetics, we wish to compare 
these' methods and to show that the frequency analysis of Engel and 
associates, while empirically interesting and superficially similar to that 
of Brazier and Finesmgei, actually measures a combination of two 
independent variables and is not suitable on theoretic grounds for use 
m delineating controlling kinetic events as rates within the cells 

METHODS 

Engel and associates described their method of analysis of the 
frequency spectrum of the electroencephalogram as follows 

With the usual ruled paper (large divisions at one second intervals)," the 
number of complete waves in each one second strip of record was counted The 
count for the total of 300 one second intervals was made, and the distribution 
of frequencies per second was expressed as a percentage of the whole 
Stretches of low voltage fast activity, which were present in varying degrees in 
all records, were designated as such, and no attempt was made to estimate the 
individual waves, which were often not countable When a given interval con- 
tained both countable waves and low' voltage fast activity, the type which occupied 

8 (a) Engel, G L , Romano, J , Ferns, E B , Webb, J P and Stevens, 

CD A Simple Method of Determining Frequency Spectrums m the Electro- 
encephalogram, Arch Neurol & Psychiat 51 134-146 (Feb ) 1944 {b) Romano, 

J , and Engel, G L Delirium I Electroencephalographic Data, ibid 51 356- 
377 (April) 1944 (c) Engel, G L, and Romano, J Delirium II Reversibility 

of the Electroencephalogram w'lth Experimental Procedures, ibid 51 378-392 
(April) 1944 (d) Engel, G L , and Rosenbaum, AI Delirium III Electro- 

encephalographic Changes Associated w'l^^li Acute Alcoholic Intoxication, ibid 
53 44-50 (Jan ) 1945 

9 {a) Brazier, M A B , and Fmesmger, J E Characteristics of the 
Normal Electroencephalogram I A Study of the Occipital Cortical Potentials 
in 500 Normal Adults, J Clin Investigation 23 303-311, 1944 (Jb) Brazier, 
M A B , Fmesmger, J E , and Schwab, R S Characteristics of the Normal 
Electroencephalogram II The Effect of Varying Blood Sugar Levels on the 
Occipital Cortical Potentials in Adults During Quiet Breathing, ibid 23 313-317, 
1944, (c) III The Effect of Varying Blood Sugar Levels on the Occipital 
Cortical Potentials in Adults During Hyperventilation, ibid 23 319-323, 1944 
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the greater portion of that interval was arbitrarily selected for purposes of 
designation 

Such an ana’ysis yields a "spectrum” of frequencies ranging from 1 to 12 
per second, together with some low voltage activity It should be emphasized, 
however, that this is not a true spectrum of frequencies in that the percentages 
of one second intervals containing 8 waves, 9 waves, 10 waves, etc , i ather than 
the percentages of 8 per second waves, 9 per second waves, 10 per second waves, 
etc , are given In other words, the distribution of waves per second, rather 
than the distribution of individual wavelengths, is determined The latter is a 
tedious process and involves measurement of the length of each wave with a 
caliper of some sort Our method may give a slightly false impression of the 
distribution of wavelengths greater and less than the dominant one, for waves ^ 
of these frequencies will tend to be averaged with waves of the dominant fre- 
quency and hence ma> appear in somewhat lower proportion than is actually 
the case For example, if 2 or 3 waves of 5 per second frequency should appear 
with 8 per second waves in a one second interval, the number of waves in that 
interval would be recorded as 6 or 7, and the figure would not reveal the 
presence of 5 per second waves This will not obscure any shift toward faster 
or slower frequencies, and no error in interpretation will result if it is remem- 
bered that the method gives the distribution of average frequencies per second 
rather than the distribution of wavelengths 

Brazier and Finesmger described their method as follows 

In order to compile a frequency distribution curve, a 2-minute record 
IS first inspected for the presence of artefacts Any portion showing artefacts due 
to eye-blinks, muscle movements, etc , is omitted from the sample for analysis 
The remainder is measured for total length of time, and this figure becomes the 
total on which all percentages are calculated 

A transparent grating, marked off in intervals equivalent to each of the 
frequencies, is then laid on the record, and the frequency of any chains of waves 
is thus easily determined The time covered by waves of each frequency is then 
totaled, the results being expressed as percentages of the whole period measured 

RESULTS 

Results of both these methods can best be expressed graphically as 
plots, in which frequency of waves, as the abscissa^ is plotted against 
the percentage of tune the particular frequency is present, as the 
ordinate Both show a dominant frequency, but the two methods 
measure - quite different things, owing to the different definitions of 
frequency involved Brazier’s method yields a dominant frequency that 
corresponds to a true rate , Engel’s method yields a measure that is a 
composite of frequency and per cent of time the frequency is present 
Since It thus lumps into one numerical unit at least two quite inde- 
pendent piocesses, it cannot serve as an index of rates of change of 
underlying chemical mechanisms 

This may best be illustrated by applying the two methods to identical 
sections of the same record and comparing the results 

Electroencephalograms were taken on one of us (D K ) for five 
minutes with the subject’s eyes closed and immediately afterward for 



212 


ARCHIVES OF NECROLOGY AND PSYCHIATRY 


five minutes with his eyes open Standard recordings were made from 
bipolar leads from the right and the left occiput The same parts of the 
records were analyzed by the Engel method and by the Brazier method, 
and the chart shows the results 

With the eyes closed the Braziei method shows a dominant alpha 
frequency of 10 cycles per second, and this frequency, qua frequency, is 
not significantly changed by opening the eyes , but it drops from 46 5 



A, analysis of five minutes of a recording taken when the eyes were closed, 
with the Brazier method (solid line and circles) and with the Engel method 
(dotted line and triangles) B, similar analysis of another five minute recording 
taken immediately after A was obtained, with the eyes open 

a refers to arhythmic waves (Brazier method), and LV, to low voltage fast 
waves (Engel method) For discussion, see text 

to 14 2 per cent of time present when the eyes are opened In this 
record a 5 cycles per second rhythm also appears when the eyes are 
open The dominant frequency as analyzed by the Engel method is 9 
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cycles pel second with the eyes closed and as 7 cycles pei second when 
they are opened 

Since opening the eyes greatly deci eases the pei cent of time the 
alpha activity is present without alteimg the fiequency, and since the 
Engel method counts as fiequency the total number of hetei ogeneous 
waves within a second interval, a decrease in the per cent of time 
the dominant frequency is present would inevitably give fewer waves 
per second with the Engel method, resulting in an appaient lowering 
of the dominant frequency The Engel method intioduces into the 
measuiement of frequency the process concerned with detei mining the 
per cent of time the frequency is piesent, and since the mechanism 
undei lying this is clearly independent of the mechanism detei mining 


Dominant Ficquencies in Elect) oencephalogiams of Foin Subjects Taken 
on Five Diffeicnt Occasions 




Dominant 

Dominant 

% Time Bresent 



Frequency, 

Erequency, 

of Dominant 



Engel Method 

Brazier Method 

Frequency, 

Subject 

Date (1915) 

(±0 5 Cycle) 

(±0 5 Cycle) 

Brazier Method 

J D 

4/12 

8 

10 

40 


4/14 

8 

10 

38 


4/18 

8 

10 

42 


4/19 

8 

10 

41 


4/21 

7 

10 

35 

I C K 

4/11 

10 

10 

63 


4/16 

10 

10 

71 


• 4/17 

0 

10 

56 


4/18 

10 

10 

72 


4/19 

9 

10 

58 

I M 

4/16 

8 

10 

40 


4/19 

7 

10 

18 


4/21 

8 

10 

52 


4/23 

7 

10 

29 


4/25 

9 

10 

61 

A T 

4/18 

8 

11 

49 


4/19 

8 

11 

48 


4/21 

8 

11 

52 


4/23 

8 

\1 

56 


4/24 

7 

11 

35 


the frequency itself, it is apparent that the two methods are not con- 
cerned with the same basic phenomenon 

The table shows dominant frequencies of the electroencephalograms 
takejn on five occasions from each of 4 subjects The dominant alpha 
ihythm is constant for each subject, but analysis by the Engel method 
shows day to day variation in then dominant frequency This variation 
IS due to vaiiation m the percentage of time the alpha ihythm is present, 
as may be seen from the table Low per cent time alpha gives a low 
value for the dominant frequency, high per cent time alpha yields a 
higher dominant frequenej'- 

COMMENT 

Engel and associates®'' (page 135) note that their m,ethod "may 
give a slightly false impression of the distribution of wavelengths 
greater and less than the dominant one” since they do not measure 
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wavelength but take as the frequency the total number of waves per 
second Our mam ciiticism is that the method is misleading in its 
misuse of the concept of the dominant frequency itself if one considers 
waves of similar length arranged in sequences as reflecting physico- 
chemical processes m the cells Engel and his collaborators are con- 
cerned with the eftects of physiologic agents on the electroencephalogram, 

- and, while empiric changes are of course brought out by their method, 
It seems unfortunate to employ a tool which by its very nature, through 
Its definition of “frequency,” masks the possibility of a rational inter- 
pretation of rates of events going on m the brain 

The dominant frequency as studied with the Brazier method is the 
frequency which we have used m our earlier studies of the effects of 
physicochemical agents on the electroencephalogram It would, for 
example, be quite impossible on theoretic grounds to calculate meaning- 
ful energies of activation of enzyme steps in the carbohydrate cycle 
with the method of Engel and associates, since their frequencies, includ- 
ing their dominant frequencies, are composed of waves of different 
lengths and the independent vaiiable, the per cent time alpha, con- 
tributes to the determination of their actual frequencies per se 

This may be illustrated by a hypothetic example Suppose one has 
a record composed of continuous and uniform sine waves of 10 per 
second produced by a piece of electrical apparatus There would thus 
be only one frequency, the dominant one determined by the properties 
of the apparatus making the signals Qne may now consider an equal 
length of record consisting of five second strips of the same 10 per 
second waves, alternating with equal intervals with no waves at all 
Such a record could be made artificially by turning the apparatus that 
makes the waves on and off at five second intervals The dominant 
rhythm in both these records, according to our studies and to the 
Brazier method, is clearly 10 cycles per second, the dominant rhythm 
according to the Engel method is 10 per second in the first record 
and 5 per second in the second record, and from this one would be led 
to the erroneous conclusion that the apparatus producing the waves 
with a frequency of 5 per second was operating at half its former rate 
For the reasons we have discussed, the measurements of Engel and 
associates cannot reflect the rates of changes of kinetic processes in the 
brain, and in effect they mask these processes The Engel spectrum is a 
graphic representation of gross qualitative changes observed m the 
records, and as an analytic instrument it has all the limitations of the 
delta index,® which we have described and have used as a purely 
empiric expression of the numerical representation of the magnitude of 
slow wave activity in the electroencephalogram Quantitative changes 
with physiologic variables of bands of waves of equal length (e g , the 
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alpha waves) have led to significant insight into the chemical kinetics 
of the brain, and further studies along these lines hold promise Much 
of the value of this type of investigation may be lost unless the limita- 
tions of the methods used are borne m mind 

SUMMARY 

Use of the dominant alpha frequency as a measure of chemical 
kinetics of cerebral processes is discussed 

Advantages of the method of Brazier and Finesinger for plotting 
electroencephalographic frequency spectrums are considered and com- 
pared with those of the method of Engel and associates 

It IS concluded that the Engel method does not furnish a concept of 
frequency that lends itself to analysis of the chemical kinetics of cerebral 
processes 

222 Maple Avenue, Shrewsbury, Mass 



IS RESTORATION OF INHIBITED CONDITIONED REACTIONS 
BY INSULIN COMA SPECIFIC FOR PAVLOVIAN 
INHIBITIONS? 

Contribution to the Theory of Shock Treatment 

ERNST GELLHORN, MD 
MINNEAPOLIS 

I N a senes of papers by Gellhorn and collaborators ^ it was shown 
that insulin hypoglycemia, especially in the form of insulin coma, 
and chemically or electrically induced convulsions lead to a restoration 
of inhibited conditioned leactions In this work, conditioning of the 
escape reaction resulting from subjection of the experimental animal 
(rat) to a slight electric shock was accomplished bj' the simultaneous 
presentation of various sensoiy stimuli After the conditioned reaction 
had been fully established, it was gradually inhibited by lack of reenforce- 
ment (Pavlov’s internal inhibition) Spontaneous recovery of such 
inhibited reactions did not occur, but a restoration could be induced with 
great regularity if the animals were subjected to insulin coma and related 
forms of “shock treatment ” 

Furthermore, it was obser\ed- that if two ox more conditioned 
reactions were studied in the same animal insulin coma and related 
forms of “shock treatment” acted only on the inhibited conditioned 
reactions but did not alter the positively established conditioned reac- 
tions However, before a generalization of this statement wms suggested, 
it seemed desirable to investigate a positively established conditioned 
reaction which in outwaid appeal ance ivas similar to the inhibited con- 
ditioned reaction used previously If it w^ere possible to show that a 

Aided by a grant from the Josiah Macy Jr Foundation 

From the Division of Neurophysiology, Department of Physiology, University 
of Minnesota Medical School 

1 (a) Gellhorn, E , Kessler, M , and Minatoya, H Influence of Metrazol, 
Insulin Hypoglycemia and Electrically Induced Convulsions on Reestablishment 
of Inhibited Conditioned Reflexes, Proc Soc Exper Biol & Med 50 260-262, 
1942 (b) Gellhorn, E , and Minatoya, H The Effect of Insulin Hypoglycemia 

on Conditioned Reflexes, J Neurophysiol 6 161-171, 1943 (c) Kessler, M, and 

Gellhorn, E The Effect of Electrically and Chemically Induced Convulsions 
on Conditioned Reflexes, Am J Psychiat 99 687-691, 1943 (d) Gellhorn, E 

Studies on Conditioned Reactions and Their Clinical Implications, Journal-Lancet 
63 307-312, 1943 

2 Gellhorn, E Further Investigations on the Recovery of Inhibited Con- 
ditioned Reactions, Proc Soc Exper Biol & Med 59 155-161, 1945 
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positively established conditioned reaction resulting in suppression of a 
motoi action -would react differently to insulin coma than a negitively 
established conditioned reaction in which the animal likewise lefrained 
from motor activity because the latter had been inhibited by lack of 
reenforcement, a new light would be thrown on the physiologic nature 
of the insulin effect 

The mam group of experiments, following a series of preliminary observations, 
was performed on 11 lats In contrast to the apparatus used m the earlier 
work, which consisted of two chambers only, a circular apparatus divided into 
SIX chambers, was employed, which permitted the rats to escape from the shock 
into either of the two adjacent divisions After the conditioned reaction was 
established, it was inhibited by lack of reenforcement, as in my earlier work 
Then, insulin coma was applied, and the degree of recovery of the conditioned 
reaction was ascertained This constituted the first part of the experiment (A) 
Thereafter the conditioned reaction was again fully established by reenforcing 
the conditioned stimulus Then, this conditioned reaction was abolished, not by 


B 

—/VvA 

Effect of insulin coma on the recovery of the conditioned escape reaction after 
this reaction has been abolished by internal inhibition {A) or by application of a 
countershock (5) The ordinate represents the percentage of recovery of the 
conditioned reaction (C R) , the abscissa, the time, m days The arrows indicate 
injection of insulin, leading to coma 

internal inhibition but by countershock, i e , the electrical shock was applied to 
the grid of the two adjacent chambers when the conditioned stimulus was pre- 
sented The rat jumped, of course, into one of the adjacent compartments and 
was driven back through the shock into the original compartment Repetition 
of this procedure for several days abolished the conditioned reaction completely 
Thereafter insulin coma was applied in the same manner as in the first part of 
the experiment, and the degree of recovery of the conditioned reaction was again 
determined This section of the experiment is referred to as part B Then the 
rat was again retrained , i e , the conditioned reaction was again established by 
reenforcing the conditioned stimulus with the electric shock, and part A of the 
experiment was repeated 

RLSULTS 

A typical experiment is shown in the graph The periods of train- 
ing during which the conditioned stimulus (a muffled bell) was 
reenforced by a slight electrical shock applied to the grid of the com- 
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partment and the subsequent periods of inhibition by lack of reenforce- 
ment are omitted in the presentation of pait A of the experiment 
Likewise, the establishment of the conditioned reaction and its abolish- 
ment by countershock are not i ecorded in part B of the graph The record 
shows that when the conditioned reaction had been abolished by lack of 
reenforcement (A) the administration of insulin leading to coma 
induced the recovery of the conditioned reaction If, however, the 
conditioned reaction had been eliminated by countershock, no significant 
recovery ® of the conditioned reaction occurred It is noteworthy that 
when part A was repeated in the experiment recorded in the graph 
two insulin comas were sufficient to cause a temporary recovery of the 
conditioned reaction of 100 per cent, so that the third coma could be 
omitted The failure of insulin coma to produce recovery of the pre- 
viously established positive conditioned reaction after countershock 
had been applied was obviously not due to a spontaneous change in 

Percentages 0} Recovery of Conditioned Reactions with Insulin Coma 


Pcrcentoges of Recovery 


No 

A* 

B» 

A* 

30 

60 

10 

30 

37 

60 

30 

50 

7 

60 

20 

50 

55 

60 

10 


29 

90 

10 


52 

60 

20 


CO 


20 

70 

64 

60 

10 


36 

60 

20 

50 

31 

60 

20 



* In column A fall the conditioned reactions inhibited b} laeX of rcenforcement, in column 
B, those abolished by countershocC 

the animal, since a repetition of part A after part B had been com- 
pleted showed again the striking effects of recovery of an inhibited 
conditioned reaction induced with insulin coma This result was con- 
firmed in 10 more experiments, listed in the accompanying table m 
which it is also shown that the sequence of the two parts of the experi- 
ments (A and B, or B and A) is immaterial to the results The 
recovery of the abolished conditioned reaction through insulin coma is 
possible only when this reaction has been eliminated by internal inhibi- 
tion, and not when countershock is the cause of a new learning process 
leading to a new attitude (avoidance reaction) of the animal 

The clue to an understanding of the experiments just described 
seems to he in the fact that the significance of the conditioned stimulus 
(bell), previously the signal for an escape reaction, was altered by its 
combination with the countershock In these circumstances the escape 

3 An increase of about 20 per cent was found to be insignificant in the 
experiments of Gellhorn and Minatoya 
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reaction was suppressed and the behavior of the animals was overtly 
similar to that seen aftei internal inhibition But important physiologic 
differences existed between these two situations In the conditions pres- 
ent in part A of the experiment the temporary association between the 
conditioned reaction and the conditioned stimulus still existed, although 
in an ineffectual form, so that, owing to the lowered excitability of the 
brain as a whole as a result of internal inhibition,^ the conditioned 
stimulus was unable to elicit the positive escape reaction (conditioned 
reaction) Under the influence of lepeated insulin coma or similar 
procedures (electric shock and metiazol convulsions) these weak links 
between the conditioned stimulus and the unconditioned reactions are 
apparently intensified, and thus the original escape reaction reappears 
in response to the conditioned stimulus (bell) In the case, how- 
ever, 111 which the conditioned reaction was abolished by countershock 
the situation is quite different, since a new positive conditioned reaction 
IS substituted for the old one The bell was the signal for an escape 
reaction during part A and the early portion of part B , but, whereas 
it retained this physiologic and symbolic significance m part A, 
although It lost its effectiveness, owing to lack of reenforcement, 
the bell became the signal for a new avoidance reaction in the crucial 
portion of part B Since this reaction was established under the 
influence of a strong unconditioned stimulus (counter shock), it replaced 
quickly the former conditioned reaction The new behavior was easily 
acquired and apparently elicited a very stable conditioned reaction, 
in which the animal, on exposure to sound, refrained from escaping 
into the adjacent compartments If the action of insulin coma and 
related procedures would produce an increase m the general level 
of excitability, it might cause an animal to react to the bell with a 
vigorous escape reaction in the two situations represented by parts A 
and B of the experiment, regardless of the fundamental difference in 
the natuie of the physiologic reactions which form the basis of the 
behavior of the animal in the two parts of the experiment The 
experimental results show clearly that this is not the case The specificity 
with which insulin coma (and probably electrically induced convulsions) 
restores inhibited conditioned reactions without affecting the avoidance 
reaction established by countershock indicates clearly that these proce- 
dures act only on those cortical processes which, although latent during 
internal inhibition, are the basis of the conditioned reaction This inter- 
pretation IS in agreement with the observations in previous studies in 
which the effectiveness of insulin coma and electric shock in the 
restoration of inhibited conditioned reactions was directly related to 

4 The reader is reminded of Pavlov’s demonstration of the relation of 
internal inhibition to sleep 
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the stability of the conditioned reaction Reactions to a bell, which 
were established with ease but abolished with difficulty, were more 
eftectively restored with insulin coma or electric shock than w'ere 
conditioned reactions to a light, which showed the opposite behavior, 
indicating a lesser degree of stability On the other hand, the results 
of experiments reported m this, as well as in the preceding, paper seem 
to warrant the statement that positive conditioned reactions, no mattei 
whether the conditioned leaction consists in a movement or m the 
suppiession of a movement, aie not alteied by insulin coma 

Numerous studies have shown that the centers of the sympathetic 
system become more excitable as a result of insulin coma, electric shock 
and similar procedures ® Such effects may persist for considerable 
peiiods® It must therefore be assumed that discharges from these 
centers, particulaily from the hypothalamus, are increased above the 
normal value Murphy and Gellhorn ^ showed recently that the sym- 
pathetic parts of the hypothalamus give rise to impulses afferent to 
the motor cortex, the primary sensory projection area and the associa- 
tion centers of the brain These impulses increase the effectiveness 
of subthreshold stimulation of the motor cortex to such a degree that 
distinct movements may result Furthermore, studies of the action 
potentials of the cortex have shown that under the influence of these 
hypothalamic impulses the cortical excitability is greatly increased and 
the number of active neurons enlarged * These data suggest that cor- 
tical residues of previously established conditioned reactions may be 
activated as a result of the heightened hypothalamic activity following 
insulin coma This may account for the restoration of inhibited con- 
ditioned reactions That no generalized, nonspecific excitatory effects 
folloiv insulin coma is indicated by the fact that insulin coma becomes 
ineffective after suppression of the original conditioned reaction by the 
establishment of a new one (avoidance reaction) 

To what extent these data are helpful in the intei pretation of the 
mental changes characterizing psychoses for which “shock therapy” 
has been found to be of value, as well as in the understanding of the 
mechanism of recovery as the result of this form of therapy, remains 
to be determined by climcal investigators However, the frequently 
recurrent statement ,in the clinical literature that nothing is known 

5 Gellhorn, E Autonomic Regulations, New York, Interscience Publishers, 
Inc, 1943 

6 Gellhorn, E The Role of the Autonomic Nervous System m Problems 
of Rehabilitation, Federation Proc 3 266-271, 1944 

7 Murphy, J P , and Gellhorn, E Hypothalamic Facilitation of the Motor 
Cortex, Proc Soc Exper Biol & Med 58 114-116, 194S , The Influence of 
Hypothalamic Stimulation on Cortically Induced Movements and on Action 
Potentials of the Cortex, J Neurophysiol 8 341-364, 1945 
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of the mechanism of the shock tieatment is no longer warranted by 
facts 111 view of the extensive physiologic work regarding the action 
of insulin coma and related conditions on the central nervous system ® 

SUMMARY 

A conditioned escape reaction inhibited thiough lack of reenforce- 
nient is restored by insulin coma and related procedures, as shown 
in previous studies If, however, the escape reaction is abolished by 
countershock, i e , by a shock applied to the adjacent compartments 
into which the rat escapes, treatment with insulin coma does not restore 
the escape reaction 

Although outwardly similar, the absence of the escape reaction in 
the two situations is based on dissimilar mechanisms In the first 
situation a conditioned leaction disappears through lack of reenforce- 
ment, whereas in the second a new conditioned reaction is established 
by countershock In agreement with a pievious study, it is found that 
insulin coma acts only on inhibited conditioned reactions but does not 
influence positive conditioned reactions The statement applies to the 
excitatory, as well as to the “inhibitory,” type of the conditioned reaction 

It is suggested that the lecovery of inhibited conditioned reactions 
with insulin coma is due to increased hypothalamic discharges to the 
cortex, which, according to investigations of Murphy and Gellhorn, may 
make subthreshold cortical processes supraliminal 

Miss Janet Bechtel assisted in this study 

University of Minnesota Medical School 

8 Gellhorn,'’ chap 19 The Autonomic Nervous System and Neuropsychi- 
atry Effects of Hypoglycemia and Anoxia and the Central Nervous System, 
Arch Neurol & Psychiat 40 125-146 (July) 1938 



News and Comment 


NEUROPSYCHIATRIC INSTITUTE AT THE MEDICAL 
COLLEGE OF ALABAMA 

A neuropsychiatnc institute has been created at the Medical College of Alabama 
and will be located in the school’s teaching hospital, the Jefferson and Hillman 
hospitals, which will house on one floor the ne\\ly formed department of neuro- 
surgery, neurology and psychiatry and all patients of the institute Diagnostic, 
therapeutic, research and teaching ser\ices of the institute will be available to 
members of the medical profession at large 

This neuropsychiatnc institute has been made possible by the Walter Haynes 
Foundation, which will subsidize study and research, in addition to the activities 
of the institute 

The staff of the institute is the same as that of the newly created department 
of neurology, neurosurgery and psychiatrj Walter G Havnes, MD, professor 
and chairman (neurosurgery), director of the Institute, Frank A Kay, MD, 
associate professor (psychiatiy) , Wilmot S Littlejohn, MD, associate professor 
(neurology) , Donald Ramsdell, Ph D , associate professor (psychologj ) , Garber 
Galbraith, M D , associate professor (neurosurgery) , Samuel C Little, M D , 
assistant professor (neurology) , William B Patton, D , assistant professor 
(neurosurgery), Benjamin F Morton, MD, instructor (psychiatry), Stanley E 
Graham, M D , assistant, and William P Tice, M D , assistant 

CONTRACTS BETWEEN VETERANS ADMINISTRATION 
AND PRIVATE MENTAL HYGIENE CLINICS 

Inquiries have been received in the Department of Medicine and Surgery as 
to w'hether the Veteians Administration w'lll cancel contracts with private mental 
hygiene clinics for the outpatient treatment of veterans when the Veterans Admin- 
istration Mental Hygiene Clinics are organized and functioning This has lesulted 
in hesitancy on the part of some clinics to negotiate contracts 

In respect to these inquiries, it is the policy of the Veterans Administration 
to continue all such contracts indefinitely, piovided the caliber of work justifies 
their continuation 

AMERICAN PSYCHIATRIC ASSOCIATION 

At the One Hundred and Second Annual Meeting of the American Psychiatric 
Association the following officers were elected president. Dr Samuel W Hamilton, 
Washington, D C , president-elect. Dr Winfred Overholser, Washington, D C , 
secretary-treasurer. Dr Leo H Bartemeier, General Motors Building, Detroit, 
Councillors Dr Kenneth Appel, Philadelphia, Dr Karl M Bowmian, San Fran- 
cisco, Dr William C Menninger, Topeka, Kan, and Dr Thomas A. C Rennie, 
New York 

SOUTHERN PSYCHIATRIC ASSOCIATION 

The Southern Psychiatric Association will hold its annual convention in 
Richmond, Va , on Oct 7 and 8, 1940 The list of speakers will be furnished 
within the next sixty days 
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Abstracts from Current Literature 

Edited by Dr Bernard J Alpers 


Physiology and Biochemistry 

Electroencephalographic Studies During Fever Induced by Typhoid Vaccine 
AND Malaria in Patients with Neurosyphilis Milton Greenblatt and 
Augustus S Rose, Am J M Sc 207 512 (April) 1944 

Greenblatt and Rose studied the brain wave patterns during the course of 
induced fever in 23 patients with neurosyphilis Electroencephalographic tracings 
were obtained before the increase in temperature and at intervals of one-half to 
one hour during the fever Observations on 54 paroxysms of fever were made, 
34 of which were induced by injection of typhoid vaccine and 20 by malaria 
Before the fever the patterns of 8 of the patients were considered to be within 
normal limits, those of 5 were classed as borderline and those of 10 as abnormal 
During the chill, the electroencephalogram showed evidence of pronounced mus- 
cular activity The alterations in the tracing during the rise in temperature 
were (1) an increase m the irregularity of the pattern, (2) an increase in the 
number of slow, or delta, waves and (3) an increase m the voltage of the potentials 
The rise in temperature was associated with progressive loss of the characteristics 
of the patient’s basic electroencephalogram, and the pattern at a high temperature 
(104 to 105 F ) was utterly different from that at the control temperature 

Several patients showed significant clinical changes during fever in the form 
of restlessness, irritability, listlessness and confusion These patients showed the 
most striking changes in their electroencephalographic tracings The mam feature 
of the records was an increase in the slow, or delta, activity during fever 

It IS believed that several influences, of which the metabolic rate is one, play 
a role in the alteration of the brain wave pattern during fever The factors of 
temperature, metabolic rate, type of disease and type of induction of fever are 
considered as possible causal factors m the production of slow activity 

Michaels, M C , A U S 


The Distribution of Diphosphopyridine Nucleotide in the Bovine Retina 
C B Anfinsen, j Biol Chem 152 279, 1944 

Quantitative histochemical studies of frozen-dried sections of the retina indicate 
that the concentration of diphosphopyridine nucleotide varies considerably from 
layer to layer in this organ The highest concentrations were found in the two 
synaptic regions The layer of ganglion cells also contained considerable quantities 
of the co-enzyme The rods and the outer nuclear layer, however, contained much 
smaller amounts The results have been discussed with regard to the possible 
role of diphosphopyridine nucleotide in the transmission of the visual impulse 


through the mediation of acetylcholine 


Page, Cleveland 


The Effect or Galvanic Exercise on Denervated and Re-Innervated 
Muscles in the Rabbit E Gutmann and L Gutmann, J Neurol & 
Psychiat 7 7 (Jan -April) 1944 

In order to test the value of electrotherapy for peripheral nerve injury, the 
authors treated the muscles innervated by the peroneal nerve in a series of 30 
labbits Galvanic current of about 4 to 6 milliamperes was used for about twenty 
minutes daily, and the results were compared with those for the untreated, opposite, 
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extremity The experiments -were divided into two groups (1) treatment of 
denervated muscles without possibility of reinnervation and (2) treatment of 
muscles in which reinnervation was allowed It was found that in both groups 
electrotherapy with a strength of current sufficient to elicit vigorous contractions 
of the muscles delayed or diminished muscular atrophy, as confirmed by biopsy 
The most satisfactory results were obtained with a daily exorcise of twenty to 
thirty minutes’ duration The effect was greater after short term (thirty-seven 
days) than after long term denervation (sixty-seven to one hundred and fifty days), 
and in the latter situation the earlier the treatment was started after denervation 
the greater the effect Thus, after a maximal treatment beginning immediately 
after denervation the muscles lost onlj' 17 per cent in w'eight in sixty days, as 
compared with a loss of 59 per cent in untreated muscles The time of onset of 
motor recovery follow'ing various methods of reinnervation w^as not appreciably 
affected by the galvanic exercise, although the degree of motor recovery was 
higher in the treated muscles 

The results of these experiments showed that the effect of galvanic exercise 
varied with the time and duration of application of the current No harmful effect 
of fatigue in denervated muscles w'as found The effects of the treatment w'ere 
still demonstrable four months after the galvanic exercise had been discontinued 
Since there was no significant difference in intensity of fibrillations between treated 
and untreated muscles, the authors are of the opinion that atrophy and fibrillations 
are independent processes 

The observations suggest that activity is the leading factor in preventing 
muscular atrophy and that the impulses responsible for normal muscular activity 
which are lost after denervation can be effectnely replaced by galvanic exercise 
This IS probably brought about by increased metabolism m the denervated muscles 
through a better circulation Malamud, San Francisco 

Psychiatry and Psychopathology 

Electroencephalograph y in Behavior Problem Children Charles I Solo- 
mon, Warren T Brow'n and Max Deutschek, Am J Psychiat 101 51 
(July) 1944 

Solomon, Browm and Deutscher studied the electroencephalograms of two 
groups of 20 boys each, one group comprising the best behaved and the other the 
worst behaved in a school class The ages ranged from 13 to 16)4 years The 
authors chose this age range to avoid correlations between age differences and 
the electroencephalogram, concluding that at the age of 13 years normal adult 
patterns are developed Social, economic and cultural backgrounds were similar 
for the two groups The authors found 12 abnormal electroencephalograms among 
the 20 best behaved children and 11 among the w’orst behaved children 

The authors then studied in an institution for delinquent boys the electro- 
encephalograms of the 10 least and the 10 most delinquent boys, finding abnormal 
patterns for 4 of the former and 9 of the latter There was no correlation of 
the electroencephalographic pattern and intelligence, efficiency of performance or 
personality 

The highest incidence of abnormal electroencephalograms was found in the 
most poorly behaved institutional group, and this the authors conclude may indi- 
cate a physiologic disturbance influencing beharior In view of the high incidence 
of abnormality found in normal children and the presence of normal and abnormal 
electromcephalograms among children presenting the same type of behavior prob- 
lems, the authors conclude that it is difficult to interpret the significance of the 
electroencephalogram in an individual case The presence of abnormalities can 
be considered only as an additional, tinfa\orab]e personal factor 

Forster, Philadelphia 



abstracts from current literature 


225 


Speech in Senility Fred Feldman and D Ewen Caimeron, Am J Psychiat 
101 64 (July) 1944 

Feldman and Cameron studied the speech of psychotic senile patients and com- 
pared It grammatically with that of normal adults and children The most 
prominent difference between senile and normal subjects was displayed in the use 
of pronouns, verbs and adjectives Senile persons used pronouns and verbs more 
frequently and adjectives less frequently The use of pronouns was attributed 
to the tendency of such persons to repetitiousness and hesitancy The diminished use 
of adjectives by senile persons may indicate the failing capacity to express them- 
selves by the more complex mechanisms of speech Forster, Philadelphia 

Personality Changes Characterizing the Transition from Civilian to 
Military Life Gustav Bychowski, J Nerv &« Ment Dis 100 289 (Sept ) 
1944 

The transition from civilian to military life may, and often does, bring about 
personality changes in some persons A number of mechanisms are responsible 
for the “preinduction anxiety” frequently seen In some cases there is an abnormal 
fixation to the mother or to the wife, who represents a mother substitute This 
is often rationalized as concern over her welfare The fear of welfare of self is 
another frequent cause of preinduction anxiety In men with a strong and 
insufficiently overcome castration complex this may take the form of fear of 
physical injury, while in others the threat of a potent and improperly integrated 
homosexual component may represent the real danger A third important factor 
IS the lack of integration into the superego of the ideals for which the war is 
supposed to be fought In some persons the fear of induction represents a fear 
that repressed aggressive impulses may be released 

After induction the ego may be unable to establish new relationships because 
of a reactivation of old and unsatisfactory attachments to masculine members of 
the family Frustration of excessive narcissisip may lead to the development of 
a neurosis 

There are some personality types which fit well into military life These are 
persons with a well integrated passive attitude or those in whom a sense of guilt 
has been satisfied by the subordination of personal activity to higher principles 
Some of the more obvious factors leading to nervous reactions in recruits are 
monotony, discipline, sexual deprivation, absence from home and the necessity for 
winning prestige in a new group 

The types of psychopathic reactions which occur vary widely and range from 

hypochondriasis and psychosomatic conversions to severe psychoses, usually of 

the paranoid variety . t i t- u tr 

Chodoff, Langley Field, Va 

The Evaluation of Prognostic Criteria in Schizophrenia Otto Kant, 
J Nerv & Ment Dis 100 598 (Dec) 1944 

Kant believes that the pessimistic view of some workers concerning the value 
of prognosis in cases of schizophrenia is unjustified and that when certain limiting 
conditions are taken into account a rather high degree of predictability can be 
obtained The basis for prognostication is the clinical picture and its development 
In general, the tendency toward persistence of uniformity of behavior and psy- 
chotic symptoms is a benign sign, while every trend toward discordance is a 
malignant sign because it refers to that basic disintegration of the personality 
which IS the primary result of the schizophrenic process An exception to this 
principle occurs when the disorganization is associated with clouding of conscious- 
ness, since it IS then related to the temporary disturbance of the setting Clinical 
structures which can be regarded as benign are (1) those m which clouding and 
confusion are persistent, (2) those in which the more schizophrenic-like sj'mp- 
toms, such as paranoid ideas and hallucinations, are centered around primary 
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changes in the emotional sphere of either a manic or a depressive character, 
(3) those in which alternating states of excitement and stupor are associated 
with fragmentation of mental activity provided that some of the characteristics 
of the malignant conditions which remain on a uniform psychologic level are not 
present 

Of malignant import are all other conditions characterized by the predominance 
of “direct process symptoms,” the latter term including both changes of behavior 
in the direction of disorganization, dulling and autism of gradual and insidious 
development, and the subjective perception on the part of the patient of a loss of 
normal feeling of personality activity and related experiences of foreign influence 
applied to mind or body 

A prognostic indicator which may piove of value is the interview with the 
patient under the influence of sodium amytal A schizophrenic disorganization 
which at least temporarily disappears under the action of the drug is less fixed 
than one which is resistant to the medication 

An acute type of onset, a prepsychotic extraverted personality, pyknic bodv 
build and the presence of definite precipitating factors are indicative of a favorable 
prognosis 

The author emphasizes that the value of prognostication is dependent on the 
accuracy of evaluation of the prognostic factors Individual symptoms must be 
considered in relation to the entire picture Chodoff, Langley Field, Va 


The Dutv Problem of the Psvchiatric Casualty A Rapid Method of 
Decision Robert S Schwab, War Med 6 144 (Sept) 1944 


Schwab presents a simple neuropsychiatric evaluation sheet, which consists of 
a graph easily made out, to be attached to the psychiatric casualty’s record, so 
that his condition and his prognosis can be understood at a glance Tbe graph has 
four variables A The amount of stress experienced by the patient, whether long 
hours of hard work in a tropical climate, intense danger under shelling and bomb- 
ing, unusual responsibility, bad news from home or combinations of more than 
one factor B The degree or amount of the breakdown — including loss of ability 
to do work, loss of appetite, weight or sleep, fatigue, somatic symptoms, crying, 
amnesia, conversion symptoms, and any other significant facts C The amount of 
previous instability — abnormal personality traits , nervous breakdown , chronic 
illness, poor work, school or sex adjustments, bed wetting, overdependence on 
parents, and other inadequacies D The amount or degree of lecovery or come- 
back after the stress has been removed b> admission to the sick list and the start 
of therapy 


Analysis of the cases of men wdio fully recovered showed that their graph 
A X D 

was greater than 1 For those who retained their symptoms m spite of 

B X C 

two months of therapy, the rate was less than 1 Philadelphia 


Meninges and Blood Vessels 

klENiNGiTis Dur TO Post-Traumatic Cerebrospinal Rhinorrhea Milo C 
ScHROEDER, Arcli Otolaryng 40 206 (Sept ) 1944 

The most common cause of cerebrospinal rhinorrhea is trauma resulting in 
comminuted fracture Other etiologic possibilities are (a) damage during an opera- 
tion, (6) necrosis caused by pressure of a tumor or hydrocephalus, and (c) con- 
genital anomalies The bony defect may be found in the posterior wall of the 
frontal sinus, in the cribriform plate of the ethmoid bone or in the w'alls of the 
sphenoid sinus The prognosis of cerebrospinal rhinorrhea is poor Sooner or 
later meningitis develops 

Schroeder reports 2 cases of meningitis secondary to cerebrospinal rhinorrhea 
In the first case a tumor of the cerebellopontile angle w'as removed through an 
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opening made m the skull behind the ear Shortly after the operation the patient 
complained of a clear, salty fluid dripping from his nose One month later menin- 
gitis developed, the predominating organism being the staphylococcus In the 
second case cerebrospinal rhinorrhea developed two days after the patient had 
fractured his nose and face m a motor accident On the third day after the acci- 
dent unmistakable signs of meningitis were present The offending organism 
was the pneumococcus In both cases recovery followed heroic doses of sulfa- 
diazine, adequate water intake and, m the second case, antipneumococcus serum, 
administered intravenously Ryan, Philadelphia 

PRE\fENTiON, Treatment and End Results of Meningitis N Silvert^orne, 
Canad M A J 52 252 (March) 1945 

Silverthorne reviews 166 cases of influenzal meningitis and 271 cases of menin- 
gococcic infecUon (all bacteriologically proved) which were observed at the Hos- 
pital for Sick Children in Toronto between 1919 and 1944 The use of sulfonamide 
compounds has been the most important method of treatment in shortening the 
course and reducing the fatality Influenzal meningitis has been sporadic in its 
occurrence Meningococcic infections were sporadic until 1939, but from 1940 to 
1943 there was an increase in the incidence of cases of this infection Bacteriologi- 
cally, 70 of the 71 spinal fluid strains examined from patients with influenzal 
meningitis have been of type B Meningococcic infections during a sporadic 
occurrence of the disease have usually been caused by strains of type II During 
an increase in the incidence of this infection in 1941 and 1942 there was a decided 
increase m the occurrence of strains of group I Most patients with influenzal 
meningitis followed after recovery have been normal mentally and physically 
All patients with meningococcic infection treated with sulfonamide compounds or 
with serum and sulfonamide compounds have been normal on discharge from the 

l<05p,lal JAMA 


Diseases of the Bram 

Post-Traumatic Epilepsv Wilder Penfield, Am J Psychiat 100 750 (May) 
1944 

Penfield states that epileptic seizures may be produced by many types of 
injury to the brain A closed injury seldom produces seizures, but when it does 
the injury usually produces a contusion, wuth subsequent scar formation Sub- 
dural hematoma seldom produces chronic seizures except m the presence of a 
meningocerebral scar With head injuries, penetration of the dura and laceration 
of the brain greatly increase the likelihood of seizures Healed abscess of the 
brain results in a high incidence of chronic seizures Simple meningitis seldom 
causes habitual seizures except when it results from thrombosis of cortical vessels, 
w ith subsequent scar formation Cortical thrombophlebitis due to other factors is 
probably a frequent cause of habitual seizures Epilepsy seldom follow^s cerebral 
embolism or thrombosis Simple hydrocephalus rarely, if ever, produces chronic 
seizures The types of focal cerebral injury here detailed may produce a focus of 
abnormal spontaneous neuronal discharge Penfield, from his owm observations, 
sees no importance in the inheritance of a tendency to fits The focus of neuronal 
hypenrritability is not in the scar but in the adjacent cortex, usually a small 
marginal gyrus which has partially atrophied but contains functioning neurons 
The vascular supply of such neurons is insufficient for constant adequate oxygena- 
tion Therefore, in the surgical treatment of acute trauma any gyrus that is 
partially destroj-^ed should be removed In the surgical excision of epileptogenic 
scars such marginal partially atrophied gyri must also be removed 

Forster, Philadelphia 
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Intracranial Suppuration Secondary to Disease of the Nas \l Septum 
Lloyd K Rosenvold, Arch Otolaryng 40 1 (July) 1944 


Of the primary conditions that result in intracranial extension of infection, 
abscess of the nasal septum and submucous resection of the septum are probably 
the most common Rosenvold reports 58 collected cases of intracranial suppura- 
tion secondary to septal disease Though the incidence of complications is low, 
the mortality is high There may be invasions of the intracranial space by adjacent, 
or regional, pathways and by distant, or indirect, pathways The regional, or 
direct, extension comprises invasion (1) through traumatic dehiscences, (2) through 
natural bony passages, (3) through bony dehiscences consequent to osteomyelitis, 
(4) through veins by retrograde thrombophlebitis and (5) by way of the perineural 
sheaths of the olfactory nerves The distant, or indirect, pathways are represented 
by (1) the general circulatory system (septic pathway) and (2) neighboring 
organs, with intermediate infection as a result of septal disease, e g , otitis media 
following submucous resection Extension to the intradural structures by way of 
the peripheral lymphatics probably does not occur The author’s experiments 
w'lth rabbits seem to favor a vascular (thrombophlebitic) type of spread from the 
nasal septum to the intradural contents 

Of the various intracranial conditions consequent to disease of the nasal septum, 
purulent meningitis is by far the most common Thrombosis of the cavernous 
sinus IS next in order Extradural and subdural abscess probably represent direct 
extension by osteitis or osteomyelitis Abscess of the brain is rare 

Careful preoperative study is important in preventing complications following 
operation on the nose Postoperative packing or splinting is a much disputed 
subject Some surgeons never pack the nasal chambers after submucous resection, 
while others splint the septal flaps tightly Tight and prolonged packing pre- 
disposes m many cases to postoperative suppurative complications by preventing 
free drainage On the other hand, poor splinting may permit free bleeding, and 
the resulting blood clot may easily suppurate The author believes that packing 
should never be left in the nose for more than twentj’-four hours after an operation 
on the septum 

Acute tonsillitis following submucous resection is a complication that niav 
favor intracranial extension of suppuration and should not be regarded lightly 
The exact mechanism of extension in tliose cases in wdiicli otitis does not develop 
as an intermediate infection is not clear To prevent tonsillitis, it is well not to 
keep the nose tightly packed for a long time In cases in w’hich both tonsillectomy 


and submucous resection are indicated, the former operation should precede the 


latter by several weeks 


Rian, Philadelphia 


AIeniere’s Svndrome Results of Treatment with Nicotinic Acid in the 
Vasoconstrictor Group Miies Atkinson, Arch Otolaryng 40 101 (Aug) 
1944 

Atkinson states that in cases of idiopathic Meniere syndrome one of tw'o 
vascular mechanisms is at work There may be a primary vasodilator or a 
primary vasoconstrictor mechanism, either of w'hich can produce the characteristic 
picture The tw'O groups of cases can be differentiated by means of the intradermal 
test with histamine Accurate grouping is extremely important because the treat- 
ment appropriate in one group is not only inappropriate but actually harmful in 
the other 

The series reported comprises 110 cases, in which treatment w'as given for the 
vasoconstrictor type of Meniere’s disease over a three and one-half year period 
Nicotinic acid was found to be the best drug for vasodilation Its action is at 
the periphery of the vascular system, on the smallest vessels, as is evidenced by the 
cutaneous flush which follows its administration This distal response is just the 
effect desired, since it is the circulation in the capillaries of the stria vascularis 
which IS thought to be at fault, at least as far as aural manifestations are con- 
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cerned It is essential to use nicotinic acid, and not nicotinamide While the two 
drugs are interchangeable as regards their vitamin effect, they are not interchange- 
able as regards their vasodilator effect Nicotinamide has no vasodilator action 
The method of treatment found most efficacious has been to start with injections, 
intravenous or intramuscular, and then, after a period which depends on the 
response to treatment, gradually to wean the patient from injections to oral 
medication only In this series of cases, in which treatment was exclusively with 
nicotinic acid, the vertigo was either leheved or greatly modified in 84 per cent 

Ryan, Philadelphia 

The Nature of Transient Outbursts in the Ei ecteoencephalogram of 

Epileptics Denis Williams, Brain 67 10, 1944 

Williams states that the electroencephalogram of epileptic patients during 
seizures is always abnormal, while the interseizure records may be either normal 
or abnormal When abnormal, the record may be nonspecific, but an episode 
seizure discharge may be superimposed Williams investigated the relation 
between the appearance of episodic discharges in the electroencephalogram and 
the liability of the patient to epileptic attacks A patient who had had one definite 
and one questionable grand mal seizure was found to have spontaneous larval 
petit mal discharges It was found that closure of the eyes produced similar 
electrical disturbances During alterations in the pu and the gas tension of the 
blood the reflex disturbances behaved in the same way as to spontaneous wave 
and spike formations The efficiency of the trigger mechanism, closure of the 
eyes, was not affected Williams concluded that m this instance even the smallest 
paroxysmal outburst represented abnormal cerebral activity of an epileptic nature 
The electroencephalograms of epileptic patients, normal controls, neurotic persons 
and patients with head injuries were studied and classified as normal or abnormal, 
and the abnormal records were further classified as (a) not specifically epileptic, 
(6) containing larval epileptic outbursts or (c) containing other paroxysmal out- 
bursts Larval epileptic outbursts included high voltage, abnormal waves with 
sudden onset and cessation, conforming to the described types of organized patterns 
Other paroxysmal outbursts included all other types of transitory disturbances, such 
as are usually associated with epilepsy but are not well enough defined to be con- 
sidered larval epileptic attacks Williams found that abnormal electroencephalo- 
grams were six times as common in epileptic patients as in normal controls , larval 
epileptic disturbances occurred m more than 25 per cent of epileptic patients but did 
not occur in nonepileptic subjects, paroxysmal outbursts, both larval and others, 
occurred in 56 per cent of epileptic patients but in only 0 5 per cent of nonepileptic 
subjects, and paroxysmal outbursts occurred thirty times as frequently in patients 
with head injuries as in nonepileptic subjects and were more common after pene- 
trating wounds 

Williams studied a group of patients with states frequently associated with 
epilepsy This group was divided into patients with a constitutional and patients 
with a symptomatic epileptic tendency Patients with a constitutional epileptic 
tendency included (a) twins both of whom presented paroxysms of wave and 
spike activity in their electroencephalograms, but only one of them had clinical 
seizures, and (b) a patient whose only seizure resulted from the oral administration 
of a small dose of camphor and who presented in his record paroxysmal dis- 
turbances suggestive of epilepsy These disturbances were still present three and 
a half months after the administration of camphor and hence were considered 
indicative of a convulsive tendency 

Patients with a symptomatic epileptic tendency included (a) persons with 
paroxysmal outbursts without overt seizure (a patient with glioma of the right 
hemisphere, a patient with bilateral atrophy of the frontal lobe, a patient with 
osteomyelitis of the occipital bone and 3 patients wuth head injury) and (b) patients 
with paroxj'smal outbursts following open or closed head injury and subsequently 
followed by overt seizures 
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Fiom these results, Williams concludes that the presence in the electro- 
encephalogram of paro-vj^smal disturbances in an epileptic patient or in one 
suspected of having epilepsy can be confidently considered as supporting evidence 
for the diagnosis of epilepsy Nonspecific and nonepisodic changes cannot be so 
construed The presence of paroxysmal changes in the electroencephalogram in 
cases of known cerebral disease, for example, neurosyphilis, should not be con- 
sidered as an argument against the validity of using the presence of such outbursts 
as confirmatory evidence of epilepsy when epilepsy is suspected but, instead, should 
be considered as evidence of a serious liability of the patient with cerebral disease 
to the development of epilepsy Thus, the old clinical concept of latent and active 
epilepsy is supported by the correlation of clinical and electroencephalographic data 

Forster, Philadelphia 

Accidental Head Injuries Prognosis in Service Patients C P Symonds 

and W Ritchie Russell, Lancet 1 7 (Jan 2) 1943 

This paper is concerned with a series of 242 service men with a variety of 
injuries to the head due to accidents which may also occur in civilian life, in con- 
trast to head injuries sustained m actual warfare The injuries are classified as 
“acute,” signifying that the patients were admitted to the hospital within three 
weeks of the accident 

It is pointed out that post-traumatic amnesia ends when the patient is able to 
give a clear and consecutive account of the events around him This lucidity must 
be continuous, and not punctuated by episodes of amnesia A source of frequent 
error is the assumption that because a patient is aware of what is happening around 
him he will be able to recall these events later Determination of the true end 
point of amnesia requires continuous, close obsen-ation The duration of post- 
traumatic amnesia may be taken as an index of the severity of the injury only 
with limitations, namelj, that it does not take into account the degree of local 
injury 

Comparison of the prognosis with the duration of the post-traumatic amnesia 
reveals that as the latter becomes longer the prognosis becomes worse There is 
a rise in the proportion of deaths when the amnesia exceeds one day, and a further 
significant rise when it lasts over seven days Of the group with the longer dura- 
tion of amnesia, only one third returned to duty successfully Among 193 of the 
patients who returned to duty, it was found that the incidence of relapse was not 
higher in those who had been treated for a relatively short period 

The study reveals that the prognosis is usually good About 80 per cent of 
patients who survive the acute stage return to duty (usually heavj) within a few 
months This figure is comparable to that pertinent to head injuries received in 
civilian life 

A resume of treatment follow's All patients w'ere nursed in bed until they 
were free from symptoms and were then encouraged to get up and increase their 
activities gradually The rate of progress was judged by the symptoms Lumbar 
puncture was done in all cases but those of the mildest injury to ascertain the 
cerebrospinal fluid pressure and the presence or absence of blood Puncture was 
repeated if the pressure was high (over 250 mm of w'ater), if there was much 
blood or a considerable degree of pleocytosis and if the tap relieved headache or 
restlessness Sufficient fluids were given to quench thirst No restriction was 
placed on posture in bed Sedatives were used as little as possible to avoid pro- 
longation of mental confusion Persistent moderate confusion w'as not considered 
a contraindication to the patient’s being up provided he appeared none the worse 
for it At times, naturally apprehensive patients w'ere encouraged toward greater 
activity in spite of symptoms Activity w'as not allowed to progress until headache, 
restlessness and excessive fatigue appeared Gradually increasing activity was 
determined by the individual case 

Comparison of patients with acute injuries and a much larger group with 
chronic injuries (patients admitted more than three w'eeks after injury because 
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of unsatisfactory progress) reveals that the percentage of men returned to duty but 
invalided later was much higher in the latter group The percentage of men finally 
invalided who had post-traumatic amnesia of over seven days was about the same 
for the group with acute injuries and for the group with chronic injuries How— 
ever, when the period of post-traumatic amnesia was shorter, the incidence of 
patients who were finally invalided was much higher in the group with chronic 
injuries This indicates the presence of factors other than duration of post- 
traumatic amnesia which affect prognosis 

Symonds suggests that the mental constitution before injury plays an important 
part in the prognosis , hence, the predisposition to mental disorder was investigated 
in this series and was found to be more than twice as common in the group with 
chronic disorders The investigation was based on the personal history, with 
respect to backwardness or failure to reach average standards at school , history 
of any functional nervous illness requiring medical care or absence from work , a 
poor work record, i e, failure to hold a job longer than six months, or a family 
history of alcoholism, marked eccentricity, mental illness or nervous breakdown 
requiring medical care in the parents, sibs or blood relatives, such as uncles, aunts 
or step-siblings 

Comparison of the histones of all patients (acute and chronic) with evidence 
of this predisposition and the histones of patients who showed no such predis- 
position reveals that the percentage of the men finally invalided was nearly twice 
as high in the “predisposed” group 

Of 111 men with head injuries in the flying personnel of the Royal Air Force, 
only 13 (12 per cent) were invalided These men had all been primarily selected 
by the air crew selection board as having a sound mental constitution Of 844 men 
other than flying personnel, 405 (48 per cent) were finally invalided Twenty (18 
per cent) of the Royal Air Force group had a personal or family history of mental 
instability, as compared with 325 (38 per cent) of the group of 844 nonflying 
personnel This relatively poor prognosis is not to be explained by less severe 
injury, as measured by the duration of post-traumatic amnesia, to the authors a 
relatively good mental constitution seems the most probable explanation of the 

difference „ t,i . j i i. 

Sanders, Philadelphia 


Chronic Solid Subdural Heviatojia 
(March 3) 1945 


R A Money, M J Australia 1 224 


According to Money, solid subdural hematoma is raie A man aged 23 pre- 
sented symptoms suggestive of the presence of a cerebellar tumor on the left side 
Preparations were begun for an exploratory suboccipital operation As a pre- 
liminary step, burr holes were made in the skull over both occipital lobes On 
the left side the dura mater was thick and discolored , and when it was cut through 
brown fluid and old liquid blood escaped, indicating the presence of an old subdural 
hematoma About an ounce (30 cc ) of liquid was evacuated by lavage and suction, 
with immediate relief of symptoms, and a small piece of corrugated rubber was 
inserted m a forward direction It was hoped that the remainder of the hematoma 
would dram out this way After the discovery of the hematoma, the patient 
recollected that about the end of March 1942, while playing soccer, he had received 
a blow or kick on the head, which knocked him down He continued the game 
for at least half an hour in a dazed condition, yet this minor injury must have 
been sufficient to tear one of the cerebral veins entering the sagittal sinus and 
start bleeding into the subdural space Later the patient had a generalized 
epileptic seizure , the headaches persisted and papilledema increased These, and 
other, observations made it obvious that a large, probably clotted and organized 
subdural hematoma was still present After a large osteoplastic flap had been 
raised and the thickened dura reflected, a substance having the appearance of 
li\er was encountered in all directions This liver-like mass represented a solid 

subdural hematoma The patient made a good reco\er\ t a . 

J A i\i A 
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Diseases of the Spinal Cord 

Second Attack of Poliomyelitis After Thirteen Years J Wyllie, Canad 
J Pub Health 36 156 (April) 1945 

A woman at the age of 32, in October 1942, had a second attack of poliomyelitis, 
having had a first attack thirteen years previously, at the age of 18 The first 
attack, which had developed after intimate contact with a sister who had a paralytic 
attack of poliomyelitis, had left the patient with wasting and flabbiness of the calf 
muscles of the right leg but with little loss of function The patient walked with 
a slight limp During the second attack, examination revealed a partial paralysis 
of both legs and weakness of the lumbar muscles Wyllie reports that treatment 
with the Kenny packs was begun on the day of her admission to the hospital and 
was continued daily for twenty-five days On her discharge there were some loss 
of power m the extensor muscles of the right thigh and loss of power in the 
muscles of the left thigh, but improvement in the muscles of the lumbar region 

JAMA 

Delayed Paraplegia Following Fractures or Vertebral L Rogers, Brit J 
Surg 32 514 (April) 1945 

Rogers says that when paraplegia complicates a vertebral fracture it is usually 
a concomitant condition produced at once Rarely is the onset of paraplegia 
delayed He cites cases m which there was an interval between the injury to the 
back and the onset of paraplegia A seaman aged 22 was blown up by a torpedo 
explosion, walked to the ship’s side, clambered overboard, swam away from the 
ship and then became paraplegic A member of the air force injured in a Spitfire 
crash experienced pain between tlie shoulders but no other symptoms Paraplegia 
developed in forty-eight hours Another patient had a cycling accident He walked 
a mile, then sat down because of, pain in the back and was unable to rise because 
of paraplegia A girl of 17 was in a bicycle collision with a car She picked 
herself up, was taken by car to the doctor’s house and walked inside She then 
experienced numbness and paralysis In 2 of the described cases the paraplegia 
was transient, resolving completely in a few days’ time In the other 2 cases it 
was persistent, and exploration was carried out, with improvement in both cases 
following the removal of bony encroachment on the spinal canal In the cases of 
transient paralysis delayed paraplegia is probably due either to subpial hemor- 
rhage or to edema, which, when fully established at a varying interval after the 
injury, is sufficient to impair conduction in the cord With absorption of the 
effusion in some twenty-four to forty-eight hours, or e\en longer, conduction is 
once more restored Persistent delayed paraplegia is an indication for operation 
and removal of the bone block produced by displacement of the vertebral fragments 

JAMA 

Poliomyelitis of Pseudomyopythic Form M Gesteira, Pediat e puencult, 
Bahia 13 117 (March-June) 1944 

According to Gesteira, poliomyelitis of the pseudomyopathic type is charac- 
terized by sudden appearance of paralysis either after an infectious period typical 
for poliomyelitis or without such a period Two or more members of the family 
become simultaneously ill, an occurrence which is rare with poliomyelitis Early 
paralysis and consequent moderate atrophy are symmetric and are regularly dis- 
tributed in the proximal areas of the limbs, near the pelvic and scapulohumeral 
joints There is lordosis The type of gait and posture is similar to that of 
myopathy The hands become clawed or show a tendency to this deformity In 
cases reported by the author the electrodiagnostic examination late in the course 
of the disease failed to show any reaction of degeneration, an observation Yvhich 
suggests complete regression of paralysis t a ye A 
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Cervical Disk Prolapse B Broager, Acta psychiat et neurol 19 45, 1944 


In 5 of 285 cases of prolapse of an intervertebral disk the involved disk was in 
the cervical region In 3 cases it was the sixth cervical intravertebral disk, in 
1 case the fifth and m 1 case the fourth Four of the patients were men, between 
the ages of 33 and 50, and 1 was a woman, aged 46 The history revealed trau- 
matic injury to the spinal cord in 3 of the 5 cases Pain was the most common 
initial symptom In only 1 case was there quadnplegia, in 2 cases there were 
unilateral radicular paresis and atrophy, with inferior paraparesis in 1 of them, 
in 1 case there was inferior paraparesis only, and in 1 neurologic signs were normal 
The Brown-Sequard syndrome was present in 1 case Sphincter disturbances were 
present in 1 case Roentgenographic examination revealed narrowing of the 
involved intravertebral space m 3 cases , in all 5 cases typical spondylosis deformans 
with osteophytes was demonstrated in the cervical portion of the spine, most 
pronounced at the level of the ruptured disk Myelograms taken wnth iodized oil 
show'ed nothing characteristic of prolapse of the disk A partial block was found 
in 2 cases and a total block in 2 The three distinct syndromes described by 
Stookey as typical of prolapse of the cervical disk may be useful if the differential 


diagnosis between a small prolapse of a cervical disk and intrinsic disease of the 
cord is difficult But if the prolapse is large, the syndromes of Stookey will not 
be of any help in the differential diagnosis of mtraspinal tumor and prolapse of 
a disk The history of a specific traumatic injury to the cervical region of the 
spine combined with signs of an mtraspinal tumor in this region should be sugges- 
tive of prolapse of a cervical disk These symptoms, combined with roentgeno- 
graphic signs of localized spond 3 'losis deformans of the cervical region of the 


spine, especially narrowing of an intravertebral 
of the disk 


space, would also point to prolapse 

JAMA 
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David Slighf, M B , President, in the Chair 
Regular Meeting, April 5, 1945 

A Power Factor (P) in General Intelligence Effects o£ Lesions of the 

Brain Dr Ward C Halstead, CIncago 

On the basis of work with patients with ceiebral and other types of injur>, with 
normal subjects and wnth mfrahuman animals during the past ten years, I liaie 
formulated a set of behavioral indicators wdiich have been validated biologically 
An exploratory factor analysis w'as made of data relating to these indicators 
secured from SO neuropsychiatric patients The factor patterns w'ere found to 
separate or to come together in biologically and clinically meaningful ways One 
factor thus isolated has been identified as a kinetic power (P) factor It is altered 
by injury to the brain, fatigue and anoxia and in certain psychiatric states (Halstead, 
W J Psychol 20 57-64, 1945, Science 101 615-616 [June 15] 1945) 

During the early formative stages of personality in the growing child, it is 
probable that the power factor (P) operates to a greater or less extent as an 
antineurotic factor In the normal adult its presence in adequate strength is a 
necessary protection against neurotic resolution of conflict When the P factor 
IS reduced by excessive physiologic stresses of military combat, for example, the 
consequence for the normal adult is the “combat neurosis,” so commonly observed 
in the recent W'ar 

Whether the P factor is similar to or identical w'lth the concept of vigilance 
described clinically by Head as low'ered in aphasic patients is not yet clear While 
similarities are already suggested, direct comparison is hampered by Head's 
failure to specify quantitative indexes for the measurement of vigilance More 
promising, how'e\er, is the prospect for comparison of the P factor with the 
general factor found by Lashley to be altered in proportion to the mass of lesions 
induced in the cortex of the rodent brain Data on a diversified series of adequately 
studied patients, with histologic verification of their neural lesions, are iiecessari 
before this comparison can be made My associates and I are slowdy accumulating 
such data in our laboratory 

DISCUSSION 

Dr W S McCulloch, Chicago I am happy to see a psychologic test that 
bears a rather fruitful relation to physiologic, or even anatomic, alterations 
There are behind this short presentation so many kinds of data and so much of 
each kind that the simple conclusion, as the author stated it, can scarcelv carry 
the weight that it should The fascinating thing to me, a mere neurophysiologist, 
IS this The one effect to be expected from anoxia, the use of barbiturates, an 
inadequate blood sugar level or reduced temperature is a low'ered metabolic rate 
of the nerve cells Under such a condition the nerve cells would not be able to 
produce their normal potential in a normal length of time It follow's that if one 
tried to drive such nerve cells at high speed they would quickly fatigue, thev 
w'ould cease to respond This w'ould be detected most easily in the brain w'aves, 
which should be slow', and in the sensorium, w'hich should be clouded, or in anv 
demand for alternating performance, such as the flicker or the tapping test, or 
perhaps in the field of attention (I am not sure but that the problem of attention 
can be reduced to the same principle) At least this factor, of a physiologic nature, 
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IS obviously an ingredient in the kinetic power of intelligence as it has been 
presented, for it is related to the repeated activity of nerve cells m the same way 

The second condition that might easily underlie any diminution in the power 
factor IS a lack of impulses coming in from other parts of the nervous system, 
and that would mean in general that, while plenty of attention might be left to 
handle a simple problem, there would scarcely be enough left for the whole 
peripheral field There are within the central nervous system many reverberating 
circuits, which yield a background of excitation for the rest of the neural activity 
Probably the largest single mass of such circuits runs through the frontal pole 
Therefore, any large cortical injury, especially frontal lobotomy, by interrupting 
some of these circuits, should leave the patient with a fairly normal intelligence 
quotient but with inability to push through, probably a narrowing of the field 
of awareness spatially, and possibly temporally , the result should be social ineffec- 
tiveness Thus, this second factor, of an anatomic nature, is to be expected as an 
ingredient of the power factor, for it also contributes to the repeated activity of 
nerve cells 

I like particularly the term “power factor,” for it implies just what it should 
— a rate of doing work 

Group Therapy in an Extramural Clinic Dr Katharine W Wright, 
Evanston, 111 

Today, especial interest is being shown in group psychotherapy, owing to the 
fact that military psychiatrists have found it useful and beneficial However, this 
method has other advantages, particularly for patients leaving mental hospitals 

Group therapy meets the need for treatment over a long period, it is consistent 
with the present psychologic studies, and it helps to desensitize and destigmatize, 
as well as to socialize, the patient 

The group therapy class at present under discussion is conducted for the 
purpose of helping hospital patients in their adjustment after return to home life, 
to teach them about their emotions and to instruct them how better to handle their 
emotions so as to cope with their present life situation It is combined dynamics 
and reeducation 

The method used is as follows The twenty-six letters of the alphabet are 
utilized as representative of txventy-six discrete, volitional acts, namely, the acts 
of wilting the respective letters The very simplicity and uniformity of these acts 
make them an ideal standard, safely within the usual levels of comprehension 
How accurately and well the patient forms the letters is of little moment, it is 
the manner of liis response which is important This reaction of the patient affords 
specific diagnostic information to the therapeutist and frequently indicates the 
psychotherapy to be administered For example, annoyance is frequently expressed 
at the extreme simplicity of the task This usually indicates a concealed feeling 
of inferiority or inadequacy which troubles the patient Or self consciousness in 
varjnng degrees may be exhibited, thus suggesting emotional instability, such as 
IS based on a sense of insecurity Sullen resistance to the situation, indicating 
negatiMsm, is sometimes encountered 

The therapeutist is often afforded the opportunity of administering effective 
treatment of these reactions on the spot Usually this can be carried out by 
means of comments, made to the class and not to the patient, bearing on the 
nature of the patient’s response, the probable causes of his maladjustment and the 
solution or cure, the parallel being always drawn between the patient’s reaction 
to the test situation and his reaction to the situations presented in life 

This procedure may be varied in several ways (1) The patients participating 
may proceed at their own speed and develop a group rhythm, (2) they may 
follow dictation, which puts them under an authoritative regimen, or (3) they 
inay be confronted with a new situation, such as being asked to write with the 
eft hand In the first situation, many patients show inability to conform to the 
group activitj and their annoyance at the incident restraint Rebellion under 
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authority is a common reaction in the second situation, and in the third situation 
either fear or a decided relaxation of repression is usual 

Within the last year there was developed the plan of taking notes of the day’s 
proceedings, to be read and discussed at the next class hour These notes serve 
as an additional educational tool Special responsibilities are also assigned to 
certain members, such as keeping an attendance record and writing notices to 
absentees 

Statistical evaluations of any type of psychotherapy are difficult to make 
However, data were secured with respect to attendance and diagnosis and com- 
ments from patients, visitors, doctors and nurses m answer to questionnaires 
sent out 

The following points were brought out from remarks made by patients The 
patient learned to get on with other people, was helped to forget self, gained 
self confidence, became more independent in making decisions, learned how to 
relax, became more tolerant, gained an aim in life, learned the value of a goal, 
learned the difference between emotional reaction and intellectual judgment, 
enjoyed meeting friends On the other hand, one woman resented the class after 
two years’ attendance because it reminded her of the hospital Class attendance 
was found to be a check on the degree of emotional stability 

It may be noted that most patients give a favorable response The unfavorable 
response seems to come, for the most part, from persons with rigid personalities 
Some of these persons do admit, however, that the friendly atmosphere in the 
class assists them to make better social contacts, and this must be considered as 
of at least some help Also found in this group are patients who block themselves 
from help by their intellectual attitudes, nothing so simple could possibly help 
them Regular attendance at class has modified this attitude It is possible to 
get over to the patient that there is a considerable and important part of himself, 
other than his intellect, which greatly affects his life and well-being Intellectual 
blocking is also found frequently among visitors, both professional and non- 
professional , It IS hard for them to join in an emotional experience such as the 
class provides 

Comments from visitors were mostly favorable, especially from relatnes of 
patients Some of these visitors mentioned actual help to themselves and noted 

the benefit to the patients from the friendly atmosphere existing m the class 

This bears out the comment of one of the physicians who visited the class, namelj, 
that the important thing accomplished was getting the patients out of their 
pathetic isolation 

The therapeutic value of group therapy is now' recognized by a large number 
m the psychiatric profession It is a useful instrument m desensitizing a patient 
to his mental illness , it may serve to relieve him and his relatives of the stigma 
of hospitalization m a mental institution, and it affords an outlet for the socializa- 
tion desperately needed by many neurotic patients and by psychotic patients w'hose 
condition has improved 

The studies in this field extending over three years corroborate several state- 
ments made by Dr Paul Federn (Psychoanalysis of Psychoses, Psychtat Qiiarteily 

17 470 [July] 1943) I agree with him that “it is not astonishing that most 

psychotics relapse at home or elsewhere when left w'lthout continuous support 
of transference ” And, again, “one wins normal transference of the psychotic by 
sincerity, kindness and understanding” 

In conclusion, it may be stated that the group treatment under discussion has 
met m a practical way the needs of many patients, approximately 240, leaMiig 
state hospitals Not only does it afford the supportive therapy so urgently needed, 
but the nonverbal technic, a powerful emotional stimulant, provides at the same 
time a therapy w'hich is both dynamic and educational 

DISCUSSION 

Dr Charles F Read, Elgin, 111 This interesting communication follows 
a former article by Drs Jacobson and Wright (Psychtat Quartet ly 16 944 [Oct] 



SOCIETY TRANSACTIONS 


237 


1942) Dr Wright has now applied this technic, as formerly described, to a 
group in an outpatient clinic Complete understanding of her paper depends on 
knowledge of the former presentation, in which the technic was fully described 
This procedure is not a psychologic test in the ordinary sense of the term 
It has not been standardized by comparison with the performance of so-called 
normal subjects It is evidently a jointly subjective and objective attempt to 
evaluate tlie performance of patients observed along the lines she has indicated 
As m any psychiatric examination, a great deal depends on the physician’s 
evaluation of the patient in a more or less controlled situation 

For several years I listened to Dr Jacobson’s discussion of this “test” as he 
developed it, and I must confess that not until I read the article in the Psychiatric 
Quartet ly did I appreciate the various implications of the procedure As described 
by the authors at that time, and again by Dr Wright in the present paper, it is 
evident that psychiatric insight can be obtained in this manner by one who is 
conversant with the technic — a method which, obviously, should be stereotyped in 
its application Evidently, it cannot be picked up and applied offhand by any one 
and every one, /now and then just as one pleases 

As suggested in the first article, many variations are possible if and when 
they may seem desirable When one takes into consideration the development 
of the alphabet used in this procedure, one appreciates the fact that each letter is 
actually a picture derived through many, many changes during thousands of 
years Somatopsychic coordination for the purpose of writing has been con- 
ditioned for years m educated persons This “test” indicates cortical interference 
with these old patterns by reason of affective disutrbances — disturbances such as 
occasion misbehavior of various sorts in other fields of neuromuscular activity 
It would be interesting, of course, to carry out this procedure under the 
hypnotic suggestion of such emotions as fear and hostility Within its limitation, 
It parallels the psychic drama In fact, the patient operating in this situation may 
well be described as enacting on a small stage a drama, with the psychiatrist 
standing by, not only as observer but as a participant in the play The latter is 
accepted by the subject as a manifestation of his superego, as >vell as an aggravatoi 
of the handicapping forces with which he has to deal 

Doubtless, much of the good effect of this therapy results from group dis- 
cussions, so well described by Dr Wr ght The A B C’s, used as described, seem 
to furnish an excellent basis for psychiatric guidance en masse, provided one can 
employ the technic with finesse 


CHICAGO NEUROLOGICAL SOCIETY 
Ralph C Hamill, M D , President, in the Chair 
Regular Meeting, April 10, 7945 

Diastematomyelia Report of a Case Dr Paul C Bucy and Dr Harry 
P IMaxwell 

Diastematomyelia is a congenital separation of the lateral halves of the spinal 
cord 

A 9 month old child with a congenital dermal sinus at the level of the third 
lumbar vertebra was operated on for removal of the sinus, and an anomalous bony 
structure was found Exploration revealed two separate spinal cords enclosed 
in one dura mater above the third lumbar vertebra and each cord descending 
caudally m its own dura mater below this level The bony anomaly proved to 
be a spur projecting posteriori j from the body of the tliird lumbar vertebra and 
separating the tw'o duras At the age of 26 months neurologic examination revealed 
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a generally normal condition, w ith no gross evidence of spinal or cerebral 
dysfunction 

A discussion of the literature included tlie summary of a review, m 1940, by 
Herrin and Edwards and a description of the anomaly studied m cross section, 
demonstrated m 1940 by Lichtenstein (“Spinal Dysraphism” Spina Bifida and 
Myelodysplasia, Arch Neurol & Psvchiat 44 792 [Oct ] 1940) 

DISCUSSION * 

Dr a Earl Walker I have seen 1 case of this anomaly (Avi I Roentgenol 
6 571-582, 1944) In that case there was a dilatation of the spinal canal at the 
site of diastematomyelia An operation was performed because I suspected a con- 
genital tumor at that point, rather than splitting of the spinal cord I wonder 
whether there w^as such a dilatation in the case presented here 

Dr R P Mackav May I ask wdiere the surgeon found the conus terminalis, 
and how much of the cord existed below the spur of bone^ 

Dr Paul C Bucy We did not explore far enough down to find the conus, 
it extended into the low'er lumbar part of the canal at least There w'as considerable 
anomaly of bone here, the spur shown in the drawing was not the only defect 
There w'as no spinous process at this level, and an anomalous development of the 
laminas existed There w'as, how’ever, no definite enlargement of the spinal canal 
Roentgenographic visualization of the bony structure is not satisfactory in a child 
of this age I could not say that there was no dilatation at all, but none was 
detected 

Angiomatous Malformation of the Sylvian Aqueduct with Remarks on 
Management of Aqueductal Obstructions Dr Carl Graf 

This paper w'as published in full in the January 1946 issue of the lournal of 
New opathology and Evpcnincntal Newology, page 43 
Connections of the Cingulum Dr Wendell J S Krieg 

The cingulum has long been known to exist in man and the mammals generally 
It IS usually considered to carry associational fibers of the medial, or cingular, 
cortex, and in man such connections certainly predominate Experimental lesions 
of the tlialamus and cortex of the rat, how'ever, demand a different interpretation 
of the cingulum 

Fibers from the anterior nuclei of the thalamus enter the anterior thalamic 
peduncle and run as far forw'ard as the rostral end of the caudate nucleus and 
then turn dorsally, perforating the corpus callosum, and form the rostral end of 
the cingulum Fibers reaching it at successively more caudal levels are piled on 
laterally Meanw'hile, some fibers turn into the medial cortex There is a strong 
tendency for the axons to continue in the cingulum until they reach the caudomedial 
angle of the cortex, where they bend somewhat laterally and curve under the 
posterior forceps of the corpus callosum Here they terminate in the cortex of 
the retrosplenial region 

The cingulum also receives representations from the ventrolateral thalamic 
nuclei These axons pass nearly directly laterally and dorsally and fall in place 
on the lateral aspect of the cingulum at a more caudal level than those of the 
anterior tlialamic nuclei They do not show' so strong a tendency to continue to 
the retrosplenial region but drop off along the way, both to the dorsal and to the 
medial cortex 

The cingulum also receives representations from the cortex itself Each cortical 
lesion W’as shown to contribute to the bundle and its lateral extension by trails 
of granules, which became successively more oblique in the more caudal levels 
Alany of these fibers do not reach the cingulum proper but, rather, enter a laminar 
lateral extension of it, immediately under the cortex 

When reconstructed from the dorsal aspect, the cingulum and its accompanying 
lamina form a subcortical layer of regularly arranged, uncrossing fibers, which 
converge to the retrosplenial region There are no other accumulations of asso- 



SOCIETY TRANSACTIONS 239 

ciational fibers The direction of conduction seems to be exclusively caudomedial, 
not the reverse 

Hence, in the rat the retrosplenial region is regarded as an important thalamic 
and cortical associational area A corollary of this is the principle that points 
in the cortex associate nith other points caudomedially placed 

DISCUSSION 

Dr G VON Bonin This paper is extremely valuable and has cleared up many 
points that were ambiguous The retrosplenial region is divided into a number 
of areas— 26 and 29 are the most important It is not of the ordinary neocortical 
type How'ever, in higher forms, as in primates, these areas shrink to insignificance 
and he largely in the depth of the sulcus corporis callosi In our experiments on 
monkeys and chimpanzees, my associates and I have been able to establish connec- 
tions passing from this retrosplenial area to the anterior nucleus of the thalamus 
We have not been able to find in monkeys any corticocortical connections , that does 
not mean that they do not exist They may not be massive enough to show up 
with the method w'e used, it may also be that the area is too small for the 
electrodes 

Dr Krieg expressed doubt about the olfactory character of the hippocampus 
In view' of the work of Fox and Magoun, I feel that the hippocampus should not 
be considered olfactory In an article in the Archines on the emotional mech- 
anism, Papez proposed the association of the hippocampus with the anterior nucleus 
of the thalamus and the mamillary bodj' I should like to ask Dr Krieg w'hether, 
on the basis of his experience, he has any comment on this concept 

Dr Wendell J S Krieg Papez’ ideas on the cingulum are very stimulating 
I do not know' what I believe, except that it is the chief associational tract in the 
lower forms But it has been throw'n into the limelight recently by the work of 
Freeman and his group, in Washington, D C, who say that m frontal lobectomy 
they can cut anything they like but that w'hen they section the cingulum there are 
personality changes 

I purposely hedged in my statements about this retrosplenial region, because 
I have not made the architectural study of the rat w'hich I think is necessary At 
least, for my ow'n purposes I want to know where the areas are It is certain 
that several areas in this region are much larger in the low'er forms than in man 
There are other parts of the retrosplenial group w'hich are strongly connected 
with the corpus callosum Thus, a major associational area is present here, but 
in higher forms I believe the emphasis has been shifted, perhaps it is the familiar 
situation of “paleo” and “neo" m associational mechanisms 

The Mesodermal Tissue in Nerve Lesions and Repair Dr Frederick 
Hili eu 

In one series of many hundreds of experiments on cats, the scntic nerve w'as 
cut and sutured w'lth black silk, or autogenous and homogenous grafts w'ere 
cmploj'ed to bridge gaps of 2 to 5 cm In another series, cats were shot through 
the thigh, and either nerve contusions resulted without interruption of the anatomic 
continuity of the nerve or the nerve w'as shattered Repair was effected in this 
group by end to end sutures or by grafts Histologic examination of all these 
nerves, by combining the Bodian and the Van Gieson stain, has revealed the 
importance of the reactions of the mesodermal tissue m the repair of nerve injuries 

klilder forms of nerve contusion, like other forms of mechanical nerve trauma 
and so-called neuritis, lead to disintegration of the myelin sheaths with or without 
destruction of the axis-ci'linders The original structure of the endoneurial tubes 
remains unaltered, and tlie nerve fibers regenerate within their old endoneurial 
sheaths The nerve fascicles retain their isomorphous structure, although the 
mesodermal endoneurium ma> react to the trauma with a localized cellular, and 
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later fibrous, hyperplasia, leading to some endoneurial fibrosis The restitution of 
neural function is good and requires a short time 

More severe traumatic lesions of the nerve damage the mesodermal endo- 
neurium as well A histiocytic and fibroblastic proliferation ensues, which inter- 
rupts the continuity of the endoneurial tubes As the mesodermal cells and fibers 
transgress the limits, the original endoneurium, the Schwann cells and the regen- 
erating nerve fibers follow them There are a profuse branching off, intermingling 
and confusion of young nerve fibers in the area of regeneration in such a trauma- 
tized nerve, and the isomorphous nerve structure is changed into a heteromorphous 
one 

When the trauma affects the border of the perineurium and the nerve fascicle 
proper, a mesodermal and ectodermal response follows, analogous to the reaction 
just described As proliferating mesodermal elements of the endoneurium establish 
contact with the proliferating histiocytes and fibroblasts of the perineurium and 
epineunum, Schwann cells with regenerating ner\e fibers leave the nerve fascicle 
and proceed betw'een lamellas of collagenous fibers of the mesodermal perineural 
membranes They w'lll grow in this new en\ironment as far as the reactive 
mesodermal proliferation may attract Schwann cells 

The same guiding function of proliferating mesodermal cells in nerve regenera- 
tion IS seen m every process of nerve repair The ends of a divided nerve show' 
the various stages of nerve trauma, increasing in severity tow'ard the cut surface 
Because of the caudal progress of neurotization, the relation of proliferating meso- 
dermal endoneurial cells to Schwann cells and nerve fibers is more obvious in the 
central than in the distal segment There is a gradual transition from isomorphous 
neurotization within intact endoneurial tubes, about 5 mm cephalad to the cut 
surface, to a more heteromorphous neurotization in the traumatized end of the 
central segment The more gently a nerve is severed, the less will be the traumatic 
disorganization of the endoneurial tubes by mesodermal proliferation and the less 
the heteromorphous disarrangement of regenerating nerve fibers When a nerve 
IS not cut, but is severed by the shattering, bruising and tearing effect of a bullet, 
severe structural changes with heteromorphous neurotization within the fascicle 
and what may be called a herniation of ectodermal ner\e tissue into the peri- 
neurium and epineunum are found several centimeters centrad to the nerve end 
In the suture line itself, regeneration of nerve fibers by outgrowth of naked axons 
IS negligible The two ends are held together by mesodermal fibers, which assume 
in time the characteristics of collagenous connective tissue It is along these fine 
mesodermal fibers, which can be stained for collagen a few days after injury, 
that the regeneration of nerve fibers in relation to proliferating Schwann cells 
gets under way Schwann cells proliferate bj themselves into the semiliquid 
medium of the nerve gap, but the main regeneration of fibers follows the scaffold- 
ing of the fibroblasts and their collagenous fibers Strands of fibrin may act as 
guiding elements, but it seems most probable that here, again, the proliferation 
of mesodermal cells and fibers precedes the neurotization proper Proliferating 
mesodermal cells and fibers, as well as Schwann cells originating from the distal 
segment, meet those from the central segment in the gap Whatever the shape 
and direction of the mesodermal tissue elements between the separated nerve ends 
happens to be, it is this scaffolding which determines the course of the outgrowing 
nerve fibers into the degenerated distal segment There is no need to assume 
that some sort of obscure chemotropism directs regenerating nerve fibers The 
presence of such a hypothetic force is easily disproved by the usual deviation of 
regenerating nerve fibers which follow the proliferating fibroblasts of the hyper- 
plastic perineurium and epineunum in the suture line Nerve fibers accompanied 
with Schwann cells follow the proliferating mesodermal cells deep between the 
adherent muscle fibers, and a certain number almost regularly turn backward into 
the proliferative epineunum of the central segment and downward into the meso- 
dermal sheaths of the distal segment These fibers are lost to the ultimate 
functional regeneration 
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In these experiments, a delayed end to end nerve suture— sixty days after the 
nerve rvas sectioned— produced a heteromorphous nerve stiucture over a greater 
distance and seemed to favor the undesirable deviation of regenerating ner\e fibers 
into the excessively proliferative perineurium and epineunum of the central and 
distal segments 

The study of nerve grafts affords a further illustration of this concept of 
neurotization One has only to exchange the effect of a nerve trauma for that 
of a tissue necrosis to see that the process of neurotization remains practically 
the same A freshly planted autogenous graft may heal, with the mesodermal 
endoneurial cells surviving this operation The effect will be an isomorphous 
neurotization within the original endoneurial tubes, even though the habitual 
necrosis of the original Schwann cells results in a sort of Abbau of the decom- 
position products of the myelin sheaths and axis-cylinders, different from a 
wallerian degeneration In an ideal case an autogenous graft may become neuro- 
tized, much like the degenerated distal segment of a sharply severed nerve 

Such ideal results are the exception with autogenous grafts and are never 
seen with homogenous grafts Here, the neurotization is preceded by a meso- 
dermal organization of the partly necrotic graft tissue The original endoneurial 
membranes serve as a scaffolding for the proliferative mesodermal cells and seem 
to guarantee the maintenance of the direction of the mesodermal and, later, the 
nerve fibers Yet the proliferation of the mesodermal cells and fibers is excessive, 
and far from being limited to the original endoneurial membranes Wherever 
these membranes have succumbed to the general tissue necrosis, the mesodermal 
organization will become retarded and increasingly irregular Finally, the meso- 
dermal organization may include the perineurium and will then obliterate the 
anatomic and functional barrier between the perineurium and the nerve fascicle 
propel The epineunum shows a conspicuous mesodermal proliferation It is this 
kind of proliferative mesodermal organization which decides the neurotization of 
many autogenous and of all homogenous grafts These grafts show a quantita- 
tively good supply of regenerated nerve fibers, but their structure is hetero- 
morphous, with an enormous amount of nerve fibers situated in many fine bundles 
between the dense collagenous fiber strands of the perineurium and epineunum 
The nerve fascicles reveal an intense endoneurial fibrosis One may say that the 
structuie of a homogenous graft corresponds essentially to the neuromatous aspect 
of a severely traumatized nerve but appears to be more favorable than that of a 
suture line 

Our studies indicate that the use of dead tissue grafts or of grafts preserved 
in alcohol or other fixatives shows nothing but disadvantages The necessary 
mesodermal organization is rendered much more difficult, and the irregularity of 
the final tissue structure is so great that a large percentage of regenerating nerve 
fibers never reach the distal nerve segment 

Nerve grafts m gunshot wounds show principally the same reaction as grafts 
used to repair a sharply sectioned nerve There is frequently a more excessive 
mesodermal proliferation of the epineunum, with epineunal neurotization of the 
graft, depending on the interval after injury at which the transplantation has been 
performed The often difficult mesodermal organization of grafts requires con- 
siderable more time for the functional regeneration of a nerve than does an end 
to end suture The final effect may suffer from extensive, thorough necrosis of 
the graft, as well as from the intense fibrosis within the graft 

DISCUSSION 

Dr George B H\ssin In 1907 Perroncito, a brilliant student of problems 
of nerve degeneration and regeneration, gave m one of his contributions 700 
references — ^probabh more, as I got tired counting them Since then the number 
of contributions has increased considcrabh, and, as Dr Hiller has shown m his 
exccptionalh good demonstration, the interest in this subject is still alive I can 
touch onlv on come points brought out bv Dr Hiller, bv showing five lantern 
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slides My experience with the pathology of nerve injuries is based on the study 
of 32 cases from Spielmeyer’s collection of 180 cases, all from World War I 
The nerves from each case had been sectioned and stained with four methods 
and thus were ready for investigative work In addition, I studied the rich 
experimental material of Nageotte (Pans) and Ranson 

It seems that the behavior of the mesodermal tissue in nerve degeneration and 
regeneration depends on the type and the seventy of the injury With mild 
forms, when the nerve fiber has been cut, the myelin, axon and adjacent mem- 
brane and cells of Schwann degenerate below the place of injurv and, as a diagram 
of Hjelt’s (1860) shows, only the endoneurial, mesodermal membrane remains in 
the peripheral stump Into the empty tubes formed by the parallel rows of the 
endoneurial cells grow new nerve fibers from the central stump Hjelt assumed 
that the preserved endoneurial cells become transformed into nerve fibers Such 
a view IS, of course, inadmissible, as mesodermal tissue cannot be transformed 
into nerve fibers Thirty-one years after Hjelt’s publication, Bungner described 
m the peripheral stump paiallel low's of fibers and nuclei known as cell cordons 
of Bungner, w'ho stated that they consisted of cells of Schwann The cells became, 
he thought, “neurotized” , that is, they were transformed into nerve fibers and 
fused with the central stump, and thus a regenerated nerve fiber was formed 
Bungner’s conclusions, like those of Hjelt, were not based on facts, as his cell 
cordons are not formations of Schwann cells but rows of endoneurial cells, to 
w'hich Dr Hiller has repeatedly called our attention 

The behavior of the mesodermal tissue is different with severe injuries, such 
as lacerations of nerve fibers The proliferation of the connective tissue fibers is 
not in the form of isomorphous strands, as Dr Hiller called them, but of irregularly 
scattered masses, forming scars, which prevent any possibility of nerve regenera- 
tion With a third type — mild contusion or concussion — there is no mesodermal 
reaction whatever, both the parenchyma and mesodermal tissue undergoing 
necrosis On the wdiole, the results of Dr Hiller’s excellent experimental studies 
(on cats) wholly coincide w'lth observations on human subjects, demonstrating 
the great importance of the mesodermal tissue in injuries of the peripheral ner\es, 
in the processes of their degeneration and regeneration 

Dr Fredlrick Hillfr I wish to emphasize the point that in mv opinion the 
different nerve elements react as a unit, in degeneration and in regeneration 
The proliferation of the endoneurial, mesodermal elements is an essential part in 
nerve regeneration and determines the character of nerve regeneration, particu- 
larly in cases of nerve injuries My studies on many hundreds of different nerve 
injuries and nerve grafts have show'n how' the neurotization of nerve sutures, of 
nerve contusions and of various grafts follow’s the pattern of primary mesodermal 
organization The observations, as demonstrated in the pictures shown here, 
could never have been made by examining human material only I feel that the 
role of the mesodermal tissue in nerve regeneration has been neglected heretofore 
and that new' concepts have been developed which W'lll lead to a better under- 
standing of this process 
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Intelligence and Its Deviations By Mandel Sherman, M D , Ph D Pp 286, 
with illustrations, glossary and innex New York The Ronald Pi ess Com- 
pany, 1945 

In the first sentence of his preface the author states that “the purpose of this 
work IS to present theoretical, experimental and clinical material on intelligence and 
its deviations The subject is presented in such a way that it may be used in courses 
in departments of psychology and medicine ” He proceeds to do this by gathering 
together in one volume of fifteen chapters the material usually found in books on 
general, social and abnormal psychology The orientation is primarily that of the 
academic psychologist and the physician There is considerable discussion of 
theoretic questions, such as a definition of intelligence, mental growth and the rela- 
tion of environment and intelligence There is some mention of less frequently 
recognized, but nevertheless important, problems connected with the measurement 
of intelligence Thus, the question of motivation is touched on, as well as the 
difficulty of establishing a zero point in the measurement of intelligence and the 
frequently found disparity between intelligence and the level of the adjustment On 
the uhole, however, the author adheres to the more usual aspects of intelligence 
and intelligence testing The facts are stated in simple fashion and are often 
supported with experimental data 

The weakness of the book, and it is a serious one, lies m the fact that the 
author makes no mention of the new approaches in intelligence testing He still lays 
most of his emphasis on problems of mental classification and questions of deficiency, 
at least four chapters being devoted to various aspects of mental deficiency While 
this discussion may be of value to the medical student, mentioned m the preface, 
It does not merit so much importance in a book on intelligence, especially when 
newer and more important aspects of intelligence testing are neglected The psy- 
chologist who administers the intelligence test has long moved on from the approach 
which concerned itself primarily with mental level alone Nowhere m the book is 
mention made of the psychologic research which evaluates the deviations in mental 
functioning m order to obtain an objective personality picture, a measure of mental 
deteriorration and, in some instances, a diagnosis of mental disease Rather, the 
author says that it is difficult to define the “exact mental level of a psychotic patient 
because the raw score on a test cannot give information as to the deteriorative 
piocess" Although he points out that certain failings are likely to occur with 
certain types of mental illness, he does not recognize the value of such clues but, 
rather, brands the tests as inadequate In general the book must be considered 
relatively superficial and as adding little to the understanding of intelligence and 
Its deviations 

An Introduction to Physical Anthropology. By M F Ashley Montagu, 
Associate Professor of Anatomy, Hahnemann Medical College, Philadelphia 
Price, $4 Pp 326 Springfield, III Charles C Thomas, Publisher, 1945 

Tins book is an excellent introduction to a complex and controversial field of 
scientific investigation The author presents his material in a clear, concise manner, 
and w ithout bias It is intended for the general reader rather than for the specialist 
and covers a great deal of ground 

In a brief introduction, the author defines the scope of physical anthropology 
He then describes seriatim the zoologic classification of the primates and discusses 
the factual basis for the theory of man’s origin and evolution from an anthropoid 
progenitor Considerable space is devoted to an analysis of the divusions and ethnic 
groups of man, with emphasis on the difficulties encountered bj anthropologists in 
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developing sound criteria for classification The last part of the book deals with 
the subtle relationships of culture, mind and body and the much disputed question 
of the relative importance of heredity and environment on man’s development At 
the close of each chapter there is a selected list for further reading The accepted 
methods of measurements m physical anthropology are listed and described in the 
appendix The index is unusually complete and contains numerous cross references 
Prof Ashley Montagu, m agreement with most eminent anthropologists, is a 
firm believer m the fundamental spiritual and biologic equality of all mankind 
Throughout the book he intersperses pithy comments, supported by scientific facts, 
on the absurdity of the concept of “race and blood superiority” and points out that 
“cultural isolates” do not represent genetically discrete “races,” as is often assumed 
by the uninformed layman An interesting section of the book reviews the evidence 
that the physical characteristics of a “pure race” actually change when the group 
IS transplanted to a new physical environment 

Of particular interest to students, scientists and educators this book is highly 
recommended as instructive and interesting reading 

Examining for Aphasia A Manual for the Examination of Aphasia and 
Related Disturbances By Jon Eisenson Pp 28, with 4 pages of illus- 
tiations New York Psychological Corporation, 1946 

This manual has been compiled by a clinical psychologist and speech pathologist 
and IS intended for the use of speech pathologists in planning a program of lan- 
guage rehabilitation for individual aphasic patients The manual presents a com- 
prehensive language examination in a clear form and should be useful for recording 
the progress m language function The instructions for the various test items are 
specific and easily followed, and much of the test material is included in the 
manual 

The author states that his interest is m speech therapv, and not in neurologic 
and neurosurgical implications of language dysfunctions, consequentlj, it is not 
a criticism of his work to point out that the examination is not entirely satisfactory 
for use by the clinical neurologist 
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PIIETRAUMATIC PERSONALITY AND PSYCHIATRIC 
SEQUELAE OF HEAD INJURY 

II Correlation of Multiple, Specific Factors in the Pretraumatic Personality and 
Psychiatric Reaction to Head Injury, Based on Analysis of 
One Hundred and One Cases 

HARRY L KOZOL, MD 
BOSTON 

T his paper IS a study of the relationship between multiple specific 
factors in the pretraumatic personality and the psychiatric 
sequelae of head injury 

In part I ^ of the study I presented the results of a correlation of 
tlie categorical pretraumatic personality and the general psychiatric 
leaction to head injury of 200 patients Each patient m that series 
had been given a categorical classification of the pretraumatic per- 
sonality under one of the following ten headings 

Normal personality 
Psychopathic personality 
Neurotic personality 
Personality variant 

Normal personality except for general nervousness 

Mental deficiency 

Neurotic traits in childhood 

Behavior problem (childhood and youth) 

Psychotic behavior 
Pretraumatic personality unknown 

Comprehensive personality classification is common practice in 
psychiatry, as in general medicine and neurology It was recognized, 

From the Neurological Unit of the Boston City Hospital and the Department 
of Neurology, Harvard Medical School 

The work described m this paper was initiated under a contract recommended 
bv tlie Committee on Aledical Research, between the Office of Scientific Research 
•ind Development and the President and Fellows of Harvard College It was 
completed subsequent to the termination of the contract 

1 Korol, H L Pretraumatic Personality and Psychiatric Sequelae of Head 
Injurv I Categorical Pretraumatic Personality Status Correlated with General 
PsNchiatric Reaction to Head Injury Based on Analysis of Two Hundred Cases, 
\rch Neurol &. Psjchiat 53 358-364 (May) 1945 
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however, that such a geneial personality classification might be 
inadequate m contributing information regarding the etiologic factors 
m the psychiatric sequelae of head injury In part I ^ the pretraumatic 
personality types were con elated with the following post-traumatic 
psychiatric phenomena 
Anxiety states 

Fatigue (neurasthenia syndrome) 

General nervousness 
Hypochondriasis 

Obsessive-compulsive-phobic states 

Depressive states 

Euphoria 

It w'as found that 64 out of the 200 patients showed one or more of 
these symptoms, each of which had been explicitly defined m keeping 
wuth general psychiatric usage 

It was concluded 

there is little, or no, correlation between [categorical] pretraumatic per- 
sonality and the liability to development of post-traumatic mental symptoms A 
patient with a pretraumatic “neurotic” personality may be free from symptoms 
A patient with a pretraumatic “normal” personality may he crippled by mental 
symptoms This does not mean that the pretraumatic personality maj not pla^ 
a large, or even the sole, part in the production of post-traumatic mental symptoms 
It does mean that the development of post-traumatic mental symptoms may not 
generally be ascribed to the pretraumatic personality There is no general rule 
that patients with over-all neurotic or psychopathic personalities are more likelj 
tc? manifest symptoms after trauma than are normal persons 

It was further concluded that there is “a significant correlation 
between the incidence of post-traumatic mental symptoms and the 
existence of complicating psychosocial factois,” such as the persistence 
of associated bodily injuries, occupational stresses, marital difficulties 
and pending litigation or continuing compensation 

In the present study, which dealt with everj'^ other patient in the 
previous study, a more intensive investigation w'as made of multiple, 
specific factors in the personality, both befoie and after head injury 
It was recognized that categorical classification might oveilook factors 
wffiich might be present in various personality groups It was felt, 
furthermore, that the nuinbei of post-ti aumatic psychiatiic phenomena 
dealt with in the previous study might be inadequate m giving a 
picture of the psychiatiic reaction to head injury The observations 
in the present study are also correlated with categorical personality 
classifications Finally, this study embraces correlations wnth the 
nature and seventy of the head injuiy, as such, and the existence of 
complicating psychosocial factors, in an attempt to elucidate the 
psychiatric sequelae of head injury 
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MATERIAL 

The 101 patients on whom this study was based represent approximately one 
half of a group of 200 subjects of a comprehensive investigation of civilian head 
injuries conducted at the Boston City Hospital from July 1942 to October 1944, 
under the direction of Dr D Denny-Brown, who has already presented a sum- 
mary of the results of that study “ These patients had been selected from a series 
of 430 persons with acute head injuries who had been admitted to the hospital 
immediately after injury, by exclusion of persons under 15 and over 55 years of age 
and of vagrants, irresponsible and unemployed alcohol addicts, chronically unem- 
ployed persons and patients on whom follow-up studies were unobtainable In 
the present study, 2 patients with chronic alcoholism were included because of the 
gross severity of their head injuries and the fact that they had histones of some 
work dependability Of the 101 patients in this study, 66 were males and 35 were 
females Eight patients were between 15 and 20 years of age, 26 were between 
20 and 29, 20 were between 30 and 39, 31 were between 40 and 49, 12 were 
between 50 and 55, and 4 were over 55 Seventy per cent of the patients were under 
the age of 46 With but few exceptions, these patients had been selected at random 
in that every other patient admitted was selected for the present study, in 
addition to the regular study described in part I The minimal period of observa- 
tion was SIX months unless the patient showed freedom from symptoms previous 
thereto Approximately 20 per cent of these patients were followed for more 
tlian one year, and some have been followed longer Each patient underwent at 
least three detailed examinations after discharge from the hospital The examina- 
tions took place at intervals of six weeks, three months and six months after 
discharge but m some instances were more frequent and in some cases were 
continued up to nine and twelve months after discharge 

METHOD 

In order to evaluate psychologic factors m sequelae to head injury, one must 
have a base line That base hue is the pretraumatic personality By reference 
to the pretraumatic personality one can determine whether there has been a 
cliange since the head injury 

The necessity of establishing a personality base line resulted in my adherence 
to the historical-biographic method of personality study I wished to know' what 
sort of a person tlie patient was before he had been injured It w^as obvious that 
a history of the patient’s actual performances and experiences m certain situations 
would provide the most dependable basis for judgment This is the classic 
psychiatric case history This method is open to various criticisms It goes with- 
out saying that the history may not cover enough ground or be sufficiently pene- 
trating It w’as sought to make the histones as accurate as possible by checking 
tlic initial histor\ at subsequent examinations of the patient, by interviCAVs w’lth 
relatives and by information obtained from various other sources by a social 
workei This method of getting information about the patient’s personality is 
tedious and time consuming A short cut would have been w'elcomed, but m the 
jnesent state of knowledge of human nature I know' of no adequate substitute for 
a painstaking, detailed history of the patient’s “past performances and experiences 
in then special settings ’ ^ 

2 Dcnm-Brouii, D Disabilitv Arising from Closed Head Injury, J A 
kl \ 127 429-436 (Feb 24) 1945 
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As none of these patients had ever been given any formal personality tests, 
such as the Minnesota or the Rohrschach test, before the head injury, there was 
no logic in giving such tests after the'injury because there was no basis for com- 
parison With what could a patient’s post-traumatic reaction to ink blots be 
compared? 

In general psychiatric history recording, information which has been obtained 
in the course of prolonged interviews with patients is often lost in the lengthy 
descriptions and reports of the conversations To get around that, a master work 
sheet was devised This work sheet includes a list of 60 items, most of which 
are descriptive of personality traits, tendencies or characteristics The full list 
follows 


Work record unsteady 
Steady, few jobs 
Steady, many jobs 
Alcoholism 

At time of injury 

Chronic 

Periodic 

Asocial attitude (delinquent, 
criminal) 

Timorousness 

Prudence 

Recklessness 

Aggressiveness 

Ambitiousness 

Responsibility 

Irresponsibility 

Gaiety 

Euphoria 

Seriousness 

Depressive state 

Greganousness 

Seclusiveness 

Egocentricity 

Introspectiveness 

Altrocentncity 

Extrospectiveness 

Sensitiveness 

“Schizoid” attitude 

Restlessness 

Tenseness 

Irritability 

Excitability 

Emotional stability 


Emotional unstabihty 

Emotional incontinence 

Impulsiveness 

Fatigability 

Apathy 

Abulia 

Obessive-compulsiv e- 
phobic state 
Hypochondriasis 
Anxiety, chronic 
Anxiety attacks 
Anxiety 
re head 
re family 
re occupation 
re other matters 
Hysteria (conversion 
dissociation) 

Sex disturbances 
Insomnia 
Fitful sleep 

Increased need of sleep 
Nightmares 
Dreams (of accident) 
Difficulties in concentration 
and memory 
Headache 
Steady 
Periodic 
Dizziness 
V ertigo 
Palpitation 
Hyperhidrosis 

Gastrointestinal disturbances 


This list of Items was selected arbitrarily by me No claim is made that it 
encompasses every possible trait or deviation of personality “Personality” is 
the sum total of one’s tendencies, trends, capacities, liabilities, sensitivities and 
modes of reaction Obviously, a complete list of all such possibilities would be 
nearly interminable and would, in fact, exceed any available vocabulary In the 
interests of practicality, therefore, the list had to be rather arbitrarily limited On 
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the basis of my experience, it appeared to me that the list selected was adequate 
and workable and that it embraced a sufficient number of significant items The 
object of the use of this list was to provide a series of subjects for the uniform 
and controlled psychiatric examinations of these patients The patients m this 
study came from all walks of life but mainly from the laboring, and even less 
privileged, classes Some were earnest, steady citizens, others were indolent, 
alcoholic, irresponsible and even criminal No rigid test could have been uniformly 
applicable to such a heterogeneous group which included persons of both sexes 
and of ages from IS to 55 years (and beyond) With the use of a list of items 
as a guide, all patients were given substantially the same examination Each 
Item was used as the basis of special questions, each tailored to the particular 
background of the patient under examination No arbitrary set of questions 
could have been generally applicable to this group of patients It was necessary 
to adapt the examination to the patient 

It IS thus obvious that this examination was not of the check sheet type 
Despite the fact that patients were graded with respect to the strength of these 
items, all judgments were based on classic clinical psychiatric investigations The 
list was simply a schema for uniformity of examination arid recording in order to 
encompass a representative collection of traits, tendencies, characteristics, foibles, 
symptoms and complaints 

It will be noted that the list contains some items which may not ordinarily be 
included in considerations of personality Thus, the first three items in the list 
refer to the patient’s work habits It must be conceded that consideration of such 
Items offers considerable objectivity concerning the subject’s makeup The next 
three items deal with questions of alcoholism The principal criticisms may be 
leveled against the inclusion of the last seven items in the list These concern the 
presence of headaches, whether steady or periodic, and of dizziness, vertigo, pal- 
pitation, hyperhidrosis and gastrointestinal disturbances They were included 
because, as they are common sequelae of head injury, it was deemed important to 
ascertain whether they existed before head injury A further reason for including 
them was that this entire list was used as a schema for post-traumatic defini- 
tion of the personality status It appeared desirable, therefore, to include these 
Items of a somatic class in order to avoid any assumptions as to whether they 
were due to organic lesions of the brain as such or were psychologic reactions to 
the trauma 

Most of the Items in the list are familiar to psychiatrists While it was 
desirable to avoid using words or terms which tended to beg questions by 
appearing too finalistic or diagnostic, it appeared desirable to include such terms 
as “schizoid,” “obsessive,” “compulsive,” “hysterical” and “hypochondriacal ” 
These terms were used not to indicate syndromes but, rather, to denote types of 
simptoms Thus, “schizoid” does not indicate schizophrenia but, rather, designates 
odditj' of personality in the sense of detachment from warm social rapport The 
patient’s attitude toward society and other persons appeared particularly relevant, 
as were also matters relating to his emotional balance and, particularly, his 
susceptibility to states of anxiety The last item was considered under various 
subdivisions Thus, a distinction was made betw'cen the occurrence of circum- 
■^enbed attacks of anxiety and chronic states of anxiety In addition, specific 
anxiety relating to the head w'as included because of Schilder’s statement that 
<^11011 concern plajed a large part in the genesis of post-traumatic neurotic states ^ 

3 Schildcr, P Neuroses Following Head and Brain Injuries, in Brock, S 
Injuries of Skull Brain and Spinal Cord, Baltimore, William Wood &. Compans, 
1940 
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Psychopathy and normality are not mutually exclusive, they 
involve quantitative, as well as qualitative, factors On the basis of 
such a premise, each item m the list of traits was quantitated clinically 
on a scale of 0 to 3 Where possible, quantitation is always desirable 
However, the accuracy of quantitation is often limited by the nature 
of the subject matter It was felt that quantitation on a simple scale of 
0 to 3 \vould be in closer accord with the possibility of clinical 
psychiatric evaluation than quantitation on a more elaborate scale If, 
m my opinion, a particular trait was absent, the item was graded as 0 
If present in minimal degree, the tiait was graded as 1 , if present 
in moderate degree, it was graded as 2, if present in maximal degree, 
it was graded as 3 It is submitted that such clinical quantitation or 
approximation of the strength of a particular trait or factor is certainly 
more accurate and desirable than gross categorization of a total per- 
sonality This multidimensional system made it possible to keep in con- 
stant perspective a large number of specific judgments It is recognized 
that no such schema can do justice to the subtle interplay and reciprocal 
participation of those features of the personality ^\hlch usually present 
an integrate of behavior Yet it was felt that specification was desirable, 
if only to test the potentialities of such a method i 

The work sheet of a particular patient is presented here (table 1) 
It will be noted that the 60 items are arranged m two columns, of 30 
each To the right of these there aie several ruled columns In the 
first such column, labeled “pretraumatic rating,” the estimated pre- 
traumatic value for each specific trait was placed The columns bejond 
w^ere used for listing the valuation of each trait at specific intervals 
after discharge from the hospital Thus, a running quantitative assay 
of the post-traumatic personality was made This then provided data 
concerning what changes, if any, took place wnth respect to each trait 
in the list Thus, foi instance, it may be noted that, wdiereas the 
patient was neither gay nor euphoric m his pretraumatic state, he 
was extremely so (with a value of 3) twm months aftei his dischaige 
from the hospital and moderately so (wnth a value of 2) six months 
after discharge Other changes may be noted 

This work sheet also included information regarding other matters 
such as the patient’s age, sex, dates of admission to and discharge fiom 
the hospital, the duration of unconsciousness, disorientation and 
amnesia and such clinical conditions as skull fractuie and blood in the 
cerebrospinal fluid It also included data concerning various compli- 
cating psychosocial factors, date of return to w'ork, a categorical per- 
sonality diagnosis, an estimate of the severity of the injury to the 
brain and of the associated bodily injuries, if any, and an estimate of 
the severity of the sequelae, as limited by the list of 60 items It also 
provided for information concerning the famil)'^ history the personal 
psychiatric histoiy and whether there had been any disproportionate 
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reaction to previous injuries The reason for inclusion of all these 
matters in a master work sheet was to keep a multiplicity of possible 
factors in view m considering each case 

This work sheet reflects the data available in the detailed record of 
each patient The observations which follow are the result of studies 
of these completed work sheets 

CORRELATIONS , CONCLUSIONS , COMMENT 

SPECIFIC FACTORS 

Table 2 presents the distribution of pretraumatic personality ratings 
(0-1-2-3) with respect to all the traits in the list exclusive of alcoholism 

Table 2 — Values joi Prcli auiiiatic Tiatts* 


Traits 

Distribution of Pretraumatic Ratings 

0 12 3 

Asocial attitude 

8S 

13 

1 

0 

Timorousness 

ft 

37 

17 

2 

Prudence 

IS 

24 

49 

11 

Recklessness 

51 

29 

19 

3 

Aggressiveness 

IS 

42 

39 

3 

Ambitiousness 

11 

35 

45 

11 

Responsibility 

4 

IS 

59 

21 

Irresponsibility 

07 

19 

15 

1 

Gaiety 

12 

34 

63 

3 

Euphoria 

S2 

19 

1 

0 

Seriousness 

12 

58 

29 

3 

Depressive state 

68 

15 

0 

0 

Gregariousness 

3 

25 

44 

SO 

Secluslveness 

OS 

21 

11 

0 

Egocentncltj 

18 

35 

40 

9 

Introspectiveness 

C3 

27 

7 

3 

Altrocentricit} 

17 

41 

41 

3 

>• EvtrospectI\cness 

9 

30 

56 

1 

Sensitivity 
‘ Schizoid” tendencj 

42 

27 

24 

9 

100 

2 

0 

0 

Restlessness 

42 

32 

25 

3 

Tenseness 

49 

39 

22 

2 

Irritability , 

00 

28 

13 

1 

Evcitabilitj 

09 

27 

0 

0 

Stability 


28 

34 

S3 

Instability 

37 

37 

22 

6 

Incontinence 

101 

1 

0 

0 

Impulsiveness 

48 

34 

19 

1 

Patigabilitj 

' 74 

24 

3 

1 

Apathy 

95 

0 

1 

0 

Abuha 

07 

3 

2 

0 

Obsessive compulsive state 

76 

21 

4 

1 

Hypochondriasis 

85 

12 

3 

2 

Anxiety, chronic 

72 

19 

9 

2 

Anxiety attacks 

D4 

5 

3 

0 

Anxiety re head 

99 

0 

1 

0 

Anxiety re family 

80 

16 

G 

0 

Anxiety re oceupation 

97 

4 

1 

0 

Anxiety re other matters 

04 

2 

G 

0 

Hysteria (conversion disooeiation) 

00 

3 

2 

1 

Sex disturbance 

82 

7 

2 

1 

■'nsomnia 

02 

6 

3 

1 

Fitful sleep 

94 

7 

1 

0 

Increased need of s’eep 

100 

1 

1 

0 

Nightmares 

00 

10 

0 

0 

Dreams (accident) 

101 

1 

0 

0 

Difficulties in concentration and memory 

100 

1 

1 

0 

Headache 

Steady 

101 

1 

0 

0 

Periodic 

03 

s 

1 

0 

Dizziness 

99 

s 

0 

, 0 

Vertigo 

101 

1 

0 

0 

Palpitation 

100 

2 

0 

0 

Hyperhidrosis 

98 

3 

1 

0 

Gastrointestinal disturbances 

100 

0 

2 

0 


The values in 1 case were inadvertently duplicated, thus accounting for the apparent 
total of 102 cases this does not materially affect the calculations 
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and work items The first column (0) gives the number of patients 
for whom each trait was given a 0 value Thus, taking the asocial 
trait as an example, there were 88 patients who were rated as lacking 
this trait The next column gives the number of patients (13) in 
whom the trait was present in a minimal (1) degree, and, the next 
column, the number of patients m whom this asocial trait was piesent 
m a moderate (2) degree The last column shows that there nere no 
patients in whom this trait was present m a maximal (3) degree 
Thus, this table presents at a glance the distribution of values specific 
for pretraumatic traits 

Table 3 presents the shift m trait values after head injury This 
table IS multidimensional It indicates what happened with respect to 
each trait’s pretraumatic rating It will be noted that there are foui 
comprehensive columns, headed as follows 

Pretraumatic rating 0 Pretraumatic rating 2 

Pretraumatic rating 1 Pretraumatic rating 3 

Under each of these headings are listed, in three subcolumns, the 
number of patients who showed a “rise” or a “fall” m value or the 
“same” value for the trait after trauma Thus, each master column 
comprises the data on what happened to the value of that specific 
personality trait after head injury To illustrate, one may take the 
heading “pretraumatic lating 0” and note the trait “timorousness’ 
.Reference to table 2 shows that 44 patients weie given a pretraumatic 
latmg of 0, 37 weie given a rating of 1 (minimal) , 17 were given a 
rating of 2 (moderate), and 2 were given a rating of 3 (maximal) 
Now, in table 3, under the master heading “pretiaumatic rating 0” 
one can see what happened to the value of the trait “timorousness” for 
the 44 patients who were lated in table 2 as lacking this trait It 
IS noted that there was a rise m value for 12 patients While the degree 
of use IS not stated, it does appear that 12 patients who lacked 
timoiousness before head injmy presented this trait after the injury 
It IS also noted that there was no change in the pretiaumatic value 
foi 32 of the patients Obviously, there could be no fall m value 
fiom an 0 lating It will be noted under the second master column 
heading, “pi eti aumatic rating 1,” that of the 37 patients m table 2 
nho neie lated as having a value of 1 (minimal) for timorousness, 
1 3 showed a i ise in the value, none showed a fall in value and 24 
shoved the same value after injury Under the master heading “pre- 
traumatic rating 2,” in table 3, it is noted that of the 17 patients 
viio were graded m table 2 as having a value of 2 (moderate) for pre- 
ti aumatic timoiousness, 1 showed a rise in this value after head 
injurj 1 shoved a fall and 15 had the same value Under the master 
heading ‘ pretraumatic rating 3,” m table 3, one finds what happened 
to the \alue for the trait for the 2 patients noted in table 2 as having 
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a value of 3 (maximal) for timorousness Both appear as having 
the same value after head iiijuiy Of course, under the mastei heading 
"pretraumatic rating 3/’ no patients appeal m the column headed 
“rise,” because definition none can have a value greater than 3 
However, this column (“rise”) was included under “pretraumatic 
rating 3,” as was the column headed “fall” undei “pretiaumatic rating 
0,” for purposes of symmetiy in making the table 

Examination of table 3 indicates that certain pietraumatic tiaits 
tended to change more than others These tiaits were timoious- 
ness, 27 patients, recklessness, 14 patients, aggiessiveness, 12 patients, 
ambitiousness, 18 patients, gaiety, 23 patients, euphoria, 13 patients, 
seriousness, 23 patients, depressive state, 12 patients, gregariousness, 
18 patients, egocentncity, 18 patients, introspectiveness, 16 patients, 
and alti ocentricit}^ 18 patients 

Table 3 thus piesents a summary of the quantitative changes m 
specific personality traits after head injury While all traits showed 
some change certain traits showed most prominent changes 

Table 4 — Tiaits in Which Change Occuiicd Aftei Head Injwy in 10 oi 

Moie Patieuis 



Xumber of Patients 
Who Shoyved 
Post Traumatic 

Number of 

Number of 


Change 

Patients yvitli 

Patients yvith 

Trail 

in Value of Trait 

Rise in Value 

Pall in Value 

TImorouenccs 

27 

26 

1 

Rccklc'isncss 

14 

2 

12 

\ggrc‘'Si'v cnc's 

12 

0 

12 

Ambillousness 

IS 

0 

18 

Gaict 3 

23 

4 

19 

Euphoria 

13 

4 

9 

Seriousness 

21 

17 

6 

Deprcs»i%c state 

12 

12 

0 

Grognrlou«ncss 

IS 

0 

16 

Egocentncity 

17 

16 

1 

Introspcctivcness 

16 

14 

2 

Utrocentricity 

18 

1 

17 

I \tro«pectivcncss 

14 

1 

13 

Sensitlyitj' 

10 

S 

2 

llcstle'sncss 

24 

IS 

6 

Tension 

39 

31 

s 

Irritahilitj^ 

32 

30 

0 

rvcltability 

23 

•>0 

1 

Emotional stability 


') 

S3 

1 motional instability 

16 

31 


Impulshcness 

15 

0 

9 

EaUgabilitj 


44 

0 

Apatln 

17 

17 

0 

Ibulla 

26 

20 

0 

Obscsshc compulsiye state 

13 

13 

0 

Hypochondriasis 

*^0 

IS 

0 

\n\icty , chronic 

14 

P 

2 

ln\tct> attacks 

14 

14 

0 

Ainictj re head 

34 

33 

1 

Anxiety re other matters 

10 

14 

fj 

Insomnia 

31 

30 

1 

1 ittul sU pp 

20 

05 

1 

Increased need of sleep 


01 

0 

Mghtmarcs 

21 

1C 


Dreams (accident) 

13 

13 

0 

DifllcuUics in concentration nnet nicmor\ 
lloadnciic 

24 

22 

2 

steady 

17 

3C 

1 

Eeriodle 

T 1 

40 

0 

Dlr^iiiesc 



0 

\ ertlpo 

17 

10 

1 
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Table 4 piesents certain data abstracted from table 3 Table 4 
lists those traits in which theie was a post-traumatic change m 10 or 
more patients It indicates the number of patients m whom there was 
any change and also the number of patients in whom the value for 
the trait was increased (“rise”) or decreased (“fall”) It should be 
noted in paiticular by reference to table 3 that a substantial number 
of patients presented certain traits after trauma which had not been 
present in the personality before head injury The data on these 
traits are summaiized in table 5 


Table S — Tiaits Appearing Aftei Head Injury jor First Time 


rrait 

Auinbcr of 
Patients in 
Whom Trait 
Appeared 

Post 

Traumatically 

for 

First Time 

Trait 

Number of 
Patients m 
Whom Trait 
Appeared 
Post 

Traumatically 

for 

First Time 

Timorousness 

12 

Anxiety attnclvS 

11 

Gaiety 

3 

Anxietj re head 

31 

Euphoria 

O 

Anxiety re other matters 

14 

Seriousness 

4 

Hysteria 

6 

Depressne state 

8 

Sex disturbance 

C 

Egocentrieity 

4 

Insomnia 

28 

Introspcctiieness 

11 

Fitful sleep 

2") 

Sensitivity 

6 

Increased need of sleep 

22 

Restlessness 

7 

Nightmares 

13 

Tenseness 

14 

Proams 

12 

Irritabilitj 

10 

Dilllculties in concentration 


Excitability 

12 

and memory 

22 

Emotional mstabilitj 

14 

Headache 


Emotional mcontminco 

5 

Steady 

16 

Fatigability 

31 

Periodic 

45 

Vpathy 

17 

Pizzmess 

36 

Abulia 

26 

Vertigo 

16 

Obsessive compulsive state 

10 

Palpitation 

6 

Hypochondriasis 

11 

Gastrointestinal disturbance 

6 

Anxiety chronic 

7 




The changes in personality trait values following head injuiy are 
in accord with general clinical experience The fact that in so many 
instances the trait was manifest in appreciable degree for the first 
time (table 5) refutes the oft expressed view that post-traumatic 
psychiatric symptoms represent a pretraumatic psychiatric liability to 
such symptoms This view has been expressed particularly with 
regard to those patients who presented charactei istic psychoneurotic 
symptoms after head injury * In the present series, it may be noted 
that a number of patients without evidence of pretraumatic existence 
of specific psychoneurotic traits manifested such traits post- 
traumatically Thus, 10 patients showed obsessive-compulsive 
symptoms, 11 hypochrondriacal symptoms, 6 hysterical symptoms, 

4 Lewis, A , in Discussion on Differential Diagnosis and Treatment of Post- 
contusional States, Proc Roy Soc Med 35 607-614, 1942 
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11 clearcut symptoms of anxiety and 31 marked fatigability (neuras- 
thenia), for the first time after injury It appears, therefore, that the 
development of psychoneurotic symptoms in patients with head injury 
does not justify an assumption that such patients had pretraumatic 
neurotic personalities 

Reference to table 4 shows that the number of patients for whom 
changes m the trait value followed head injury paralleled the number 
of those who first manifested the trait after head injury In table 6 
the traits are piesented in the ordei of frequency of involvement 
(change) 


Table 6 — Traits in Order of Frequency of Occurrence After Head Injury 




Number of Patients with 



Post Traumatic Change in 



Value for Trait 


Total 

/■ 

Number with 

-1 

Number with 

Trait 

Number 

Rise in Value 

Pall in Value 

Periodic headache 

51 

49 

2 

Fatigability 

44 

44 

0 

Tension 

39 

31 

8 

DUzinesE 

38 

36 

2 

Emotional Instability 

36 

31 

5 

Emotional stabllitj 

35 

2 

33 

An\icty re head 

34 

83 

1 

Irritability 

32 

BO 

2 

Insomnia 

31 

sn 

1 

Tiraorousncss 

27 

26 

1 

Abulia 

26 

26 

0 

1’ itiul sleep 

26 

25 

1 

Restlessness 

24 

18 

0 

Dlfflcultics in concentration and memory 

24 

22 

2 

Seriousness 

23 

17 

6 

Gaiety 

23 

4 

19 

E\citabllltj 

23 

22 

1 

Increased sleep need 

22 

22 

0 

Nightmares 

21 

16 

5 

Hypochondriacic 

20 

18 

2 


The time of appearance of these changes in trait values after head 
injury vaiied considerably In most cases the symptoms (other than 
headache and dizziness) began to appear shortly after the patient’s 
discharge from the hospital and developed slowly to a maximum in 
from three to six weeks after discharge A few patients showed a 
longer latent period and did not present symptoms until several months 
aftei discharge It may be stated here that these few patients had 
complicating psychosocial factors in their lives ivhicli in their intensity 
and chionologic appearance tended to parallel the development of 
symptoms The appearance of acute neurotic symptoms during hos- 
pitalization ^^as inficquent and usually indicated a later intensification 
and persistence of such symptoms 

The duration of these post-traumatic symptoms also varied j\Iost 
had reached their peak at six weeks and vere substantially receding 
at three months However, approximate!} 50 per cent of the patients 
flowed some persistence of s}mptoms at six months, and approxi- 
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mately 15 per cent of the patients had symptoms which persisted a yeai 
or longer One patient who suffered contusion of the brain and a 
brief period of unconsciousness, with a gross residual cosmetic defect 
of his forehead, showed irritability two j'^ears after head injury 

The duration of incapacity for work paralleled the persistence of 
symptoms, although most patients returned to w^ork before they Avere 
entirely free of symptoms 

PERSONALITY CATEGORIES 

In order to test popular conceptions conceinmg the relationship 
between categorical personality classifications, such as pretraumatic, 
normal, psychoneurotic, psychovariant and psychopathic personalities, 
as well as to test my previous conclusions about such categories, each 
patient m this study was classified under one of the following four 
headings, each of wdiich has been previousl}' defined as follows ^ 
Normal Personality — A person who is m harmony with himself and his 
environment, is virtually free of psychoneurotic traits and other personality 
imbalances, is not habitually in conflict with the ethical and social standards of 
society, IS free of addiction to alcohol, maintains satisfactory personal, social and 
occupational adjustments and presents a general integration of objectives and 
behavior This does not exclude the possible existence of some personality bias, 
such as egocentricity or timidity, or even a history of brief transient neurotic 
symptoms 

Psychopathic Pcisonahty — A person who has shown extreme failure in social 
and intrapersonal adaptation, associated with impulsiveness, defective self control, 
lack of fixity of purpose, instability of effort and undependability m his work In 
this category are wide variations There may or may not be associated psycho- 
neurotic phenomena It is possible to make an unlimited series of subtypes of the 
psychopathic jiersonahty I have selected seven inferior, alcoholic, affective, 
aggressive, criminal, schizoid and miscellaneous types As these subtypes are not 
discussed in the present study, they are not defined here 

Neurotic Personality — A person whose behavior and experience are substantially 
affected by the existence of traits or symptoms wdiich characterize the generally 
accepted psychoneurotic syndromes of neurasthenia, hypochondriasis, anxiety 
neurosis obsessional neurosis and hysteria 

Personality Vaiiant — A person who, while not psychotic, frankly psycho- 
neurotic or psychopathic, has appreciably more w'eightmg of the personality than 
the average normal subject Such patients represent deviations from the average 
The personality bias includes such traits as timidity, egocentricity, irritability, 
cantankerousness, hypersensitivity, moodiness, emotional lability, solemnity or 
general light heartedness 

The distribution of categorical personality diagnoses w as as follows 
Fifty-one patients were classified as normal, 13 as psychoneurotic, 14 
as psychopathic and 23 as psychovariant personalities 

Table 7 presents the values for a list of traits on which the diagnoses 
of “psychopathic personality” were based It may be noted that alcohol- 
ism was present m 11 of these patients, although m 1 it was relatively 
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mild Patient B had many psychoneurotic symptoms, as well as 
addiction to alcohol, but his gross character defects led to his classi- 
fication as a “psychopathic personality ” Only 2 patients were delin- 
quent One of these was a young man who could not refrain from 
following his impulses to drive other persons’ automobiles In 3 of the 
patients (S , J and C ) alcoholism of varying degree was coupled with 
sensitiveness, restlessness and tenseness Seven of these patients had a 
poor work record, 5 had associated alcoholism Eight exhibited reck- 
lessness, 5, aggressiveness, 10, irresponsibility, 7, egocentncity, and 
7 impulsiveness 

The “psychoneurotic” patients all had good work records and were 
free of alcoholism Whereas the average value for “sensitiveness” in 


Table 7 — Special Tiait Values joy PieUaumaiic Psychopathic Peysonalities*' 
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Eatcd on a scale of 0 to 3 


“psychopathic personalities” was less than 1 (on the scale of 0 to 3), 
the average value for this trait m the “psychoneurotic silbjects” was 
in excess of 2 

The “noiinal” subjects also had good work recoids and weie essen- 
tially free of alcoholism None had a value greater than 1 for any 
of the recognized psychoneurotic traits (fatigability, h 3 q 5 ochondriasis, 
anxiet) states, obsessive-compulsive states and hysteria) In general 
they Meie emotionally stable There neie no evidences of restlessness, 
tenseness, irritability or excitabihU The traits of prudence and 
timorousness weie much higher in these patients than in the psj'^cho- 
pathic peisonahties in i\hom the}’’ Mere virtually absent The greatest 
diflerences between mduiduals m this group of normal personalities 
was 111 regard to the tiaits of greganousness, anibitiousness, extrospec- 
tioii, gaiet} and seiiousness 

Chart 1 presents the coiiiparatu e a\erage values (on a scale of 
0 to 3) foi each of the 60 personalit} items for the four pretraumatic 
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Chart 1 — Comparison of average values for each of 60 personality charac- 
teristics of patients with pretraumatic psychoneurotic, psychopathic psychovanant 
and normal personalities 
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categories (normal, psychovariant, psychopathic, psychoneurotic) 
The key is given on the chart The data are thus presented on which 
the categorical distinctions are based 

Chart 2 presents a comparison of the pretraumatic and post- • 
traumatic average values for each of the 60 personality characteristics 
of those patients who nere classified as having a pretraumatic normal 
personality Charts 3, 4, and 5 piesent similar data on the patients 
with pretraumatic psychoneurotic, psychovariant and psychopathic 
personalities 
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Chart 2 — Comparison of the pretraumatic and post-traumatic average values 
for each of 60 personality characteristics of patients with pretraumatic normal 
personality 

111 tins cliart, and in charts 3, 4 and 5, pretraumatic values are represented bj 
hatched rectangles , post-traumatic values, by solid rectangles 


Chart 6 is derived from chaits 2 to 5 It presents those traits 
in which there w'as a change of 10 per cent or more between the 
pretraumatic and the post-traumatic average value foi any 4 per- 
sonahti categoiies It will be noted that the pretiaumatic normal 
peisonahties showed such a change in respect to 26 items The 
aveiage for the change of values for pietraumatic normal personalities 
was approximately 14 per cent The psichovanant peisonahties 
showed a change m lespect to 19 items and an a\erage change of 
13 per cent The psichopathic personalities showed a change m 
respect to 6 items, with an a\erage change of 12 5 per cent The 




Chart 3 — Comparison of the prctrauniatic and post-traumatic average values 
for each of 60 personal itj characteristics of patients with pretraumatic psycho- 
neurotic personality 



Chart 4 — Comparison of the pretraumatic and post-traumatic average values 
for each of 60 personality characteristics of patients with pretiaumatic psycho- 
variant personality 
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Chart 5 — Comparison of the pretraumatic and post-traumatic average values 
for each of 60 personality characteristics of patients with pretraumatic psycho- 
pathic personality 



Chart (> — Compan*;!!!! of those traits in vhich significant differences (10 per 
(.tut 01 inor.-) were found between the pretraumatic and the post-traumatic a\eragt 
'aluts for patients with pietiaumatic ps\ choucurotic, psechopathic ps\cho\arnnt 
and normal personalities 
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psychoneurotic personalities showed a change in respect to 14 items, with 
an average change of 20 pei cent It should be kept in mind that these 
psychoneurotic personalities had such high pretraumatic values for the 
special traits which led to the categorical diagnosis that there was little, or 
no, loom left for change in value The average change of value for the 
combined psychoneurotic, psychovariant and psychopathic personality 
groups was 13 per cent When this is compared with the average 
change of value of 20 per cent for the psychoneui otic personalities. 
It appears that there vas appi oximately a 50 per cent greater change 
for the psychoneurotic personalities than the aveiage change for the 
other three categories 

In the psychoneui otic group the gieatest changes took place with 
lespect to fatigability, disturbances in sleep, headache and dizziness 
It would appear, then, that pretraumatic psychoneurotic personalities 
may have a greater liability to the development of such post-traumatic 
symptoms However, it will be noted that the “normal personalities” 
run a close second vith respect to most of the changes and equal the 
psychoneui otic personalities vith regard to changes m values for 
fatigue and exceed them -with lespect to other items 

When attention is directed to the generally recognized neurotic 
traits, 4:116 following corielations appear The only trait which was 
substantially affected in all four peisonahty groups was that of 
fatigability The average change of if^hies (on a scale of 0 to 3) 
in each of these groups was as follows 

Normal 0 8 Ps}cbo%ariant 0 7 

Psychoneurotic 0 8 Psychopathic 0 3 , 

Only the psychovai lant personality group showed appreciable changes 
(0 3) wuth respect to obsessive-compulsive and hypochondriacal 
symptoms 

The changes in respect to the categories of anxiety are presented 
in table 8 

It appears, then, that psychoneurotic personalities were slightly 
more liable to development of anxiety attacks than w^ere other per- 
sonality types, although the figure for the normal personalities suggests 
an even greater propensity m such persons because that group w'as 
entirely free of anxiety attacks before head injuiy It is to be noted, 
also, that anxiety concerning the head w'as greater among the normal 
and psychovariant personalities than among the ps 3 '’choneurotic 
personalities 

The psychopathic personalities showed the greatest changes in lespect 
to an increase in or development of gaiety and/or euphoria and a 
decrease in seriousness This cannot be considered a basis for gen- 
eralization, as the particular patients who showed these changes not 
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only had suffered surgically severe head injury (fractured skull, con- 
tused or lacerated biain, intracranial hematoma) but also had histones 
of substantial chronic alcoholism It is my impression that the pre- 
ceding chronic alcoholism played a large part in contributing to the 
reactions of gaiety and euphoria, for such were not seen to an appre- 
ciable degree in patients m other personality categories who had 
suffered equally severe surgical head injury It should be added that 
It was the same few psychopathic personalities with post-traumatic 
euphoria who were suspected of having post-traumatic dementia 
Denny-Brown “ noted that the elimination of patients over 55 years of 
age who had chronic alcoholism eliminated cases of post-traumatic 
dementia He noted, further, by reference to the case of a normal, 
intelligent youth who had suffered gross laceration of both frontal 
lobes with a buzz saw, that the absence of a post-traumatic dementia 
m that case threw “doubt on the ability of trauma alone to induce 
persistent dementia in a healthy brain ” By the same token, it is 


Tabix 8 — Correlations of Personality Categories with Aveiage Change in Values 

for Types of Anxiety 




Personality Category 


Tjpo of Anxiety * 

r 

Normal 

Psyeho 

neurotic 

Psj cho 
variant 

"V 

Psycho- 

pathic 

Chronic 

03 

0 

0 

0 

Attacks 

03 

04 

0 

0 

Rc head 

05 

03 

04 

0 

Re other in liters 

03 

0 

0 

0 


• Tlic trait "values are rated on scale of 0 to 3 


probable that severe injury to a healthy brain will not m itself result 
m post-traumatic euphoria However, this entire field is subject to 
contributions which may be offeied by the recent work in surgical 
lobotoiny The euphoria which appeared m the patients with psycho- 
pathic personalities in this series who had received gross injuries may, 
on the other hand, have been expressive of an underlying irresponsi- 
bilit} and obhviousness to the patient’s own welfare, factors which 
aic apjiarent in most psychopathic personalities 

It appears, then, that patients uith the pretraumatic psychoneurotic 
peisonality may not exhibit a striking aggravation of neurotic 
sjmjitoms after head injury but i\ill in general show a greater post- 
traumatic reaction than those in the other gioups This conclusion 
is supported b) the data m table 9, which presents correlations between 
pretiaumatic personaht} characteristics and clinical approximations of 
the seventy of the psychiatric sequelae of the head injurj’" (on a 
scale of 0 to 3) It appears that the occurrence of sequelae is most 
Iirobahic in ps\choneurotic personalities, next most probable m psycho- 
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variant personalities, less probable in normal persons and least probable 
m psychopathic personalities 

SEVERITY OF HEAD INJURY 

It has been pointed out by Denny-Brown^ that the assessment of 
the severity of a head injury requires inclusion not only of the imme- 
diate post-traumatic surgical, as well as the behavioral, state but also 
various complicating psychologic factors Of the patients in the present 
study, 21 exhibited prolonged disorientation, ranging from five hours 
to over a week Of this group there were 3 patients who had bloody 
cerebrospinal fluid, fractured skull or intracranial hematoma and who 
had been subjected to craniotomy and associated neurosurgical treat- 
ment Two of these patients presented maximal post-traumatic mental 


Table 9 — Eshviated Seventy of Sequelae of Head hljury Correlated zmth Pre- 

itanmattc Persouahty Type 





Seventy of Sequelae to Head Injury 


Total Per 
No of Cent of 
Pa Orig 




0 

1 

2 


3 


Rersonallty 
Type ♦ 

Total 
No of 
Pa 

tients 

No 

of 

Pa 

tients 

Per 

Cent 

of 

Total 

No 

of 

Pa 

tients 

' 1 ^ 

Per No 
Cent of 
of Pa 
Total tients 

Per 

Cent 

of 

Total 

' No 
of 

Pa 

tients 

Per with Group 
Cent Sequelae with 
of of Any So 
Total Degree quelae 

Rormal 

61 

20 

51 

9 

18 9 

18 

7 

14 

24 48 

Psychopathic 

14 

8 

57 

2 

14 1 

7 

3 

21 

G 42 

Psychovariant 

23 

9 

39 

6 

26 4 

17 

4 

17 

14 60 

Psychoneurotic 

13 

5 

39 

2 

15 1 

8 

6 

39 

8 39 


* Rated on scale of 0 to 3 


symptoms Both had been rated as pretraumatic psychopathic per- 
sonalities One of these patients underwent a gross personality change 
Previous to his head injury he had been seclusive and secretive, was 
substantially alcoholic but had a fair work record and was moderately 
responsible in his obligations to his work and family After his head 
injury he became expansive, circumstantial, euphoric and emotionally 
unstable He confided freely m his family and had no insight con- 
cerning his changed personality He had difficulty with his concentra- 
tion and memory This was at its worst m the first two months 
after head injury, and, although there was gradual improvement, there 
was some persistent intellectual defect, even at nine months It is 
of interest to note that he had no post-traumatic neurotic symptoms of 
any sort and no dizziness or headache This man was 43 years 
of age He worked as a laborer His non-neurotic change in per- 
sonality suggests, as previously noted, an organic cause, probably the 
result of trauma superimposed on a brain which had already been 
made vulnerable by chronic alcoholism Although there was some 
litigation pending in this case, it did not seem to have any influence 
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on the symptoms The patient was too oblivious to most things to be 
particularly concerned with such an issue 

The second of this group of severely injured patients, aged 32, 
was an irresponsible male laborer with a history of pretraumatic alco- 
holism, gross irresponsibility, emotional instability and multiple 
neurotic symptoms After his head injury he manifested an increase 
in fatigability, a decided exacerbation in the frequency and severity 
of anxiety attacks (present minimally before injury) , increased hypo- 
chondriasis , preoccupation concerning the state of his heart and lungs , 
intense anxiety concerning his head, nightmares, difficulties in con- 
centiation and memory, headaches, both steady and periodic, dizziness, 
and vertigo On the other hand, he showed an increase m emotional 
stability (except for his acute neurotic symptoms) and became less 
irritable and somewhat more responsible He exhibited an increase 
in gaiety, which may be compared with the euphoria of the previous 
patient Prior to his injury he was having difficulties in his marriage 
and work His electroencephalogram remained abnormal for several 
months but cleared completely m four months In such a case it is 
impossible to select one factor as the sole cause of the sequelae The 
development of a state of gaiety disproportionate to the situation sug- 
gests persistent damage to the brain Or, again, it may be a summation 
of the effect of severe trauma on the brain of a chronic alcohol addict 
It IS of interest to note the parallel development of both neurotic 
symptoms and increased emotional stability 

The third patient was a 20 year old man In addition to a com- 
pound fracture of the skull and an extradural hematoma, he had sus- 
tained a fracture of his left clavicle and humerus, with palsy of the 
radial nerve and ankylosis He had been categorically rated as a 
pretraumatic “normal” personality He had a good work history 
and was guileless, lesponsible, serious, gregarious, altrocentnc, rather 
sensitive and irritable and free of neurotic traits He presented no 
psychiatric sequelae to the head injury, not even a headache Pre- 
vious to his head injury he had been subject to occasional dizziness, 
but he suffered no increase in this disturbance He returned to work 
five months after his head injury, although his arm was not yet healed 
Why did he not exhibit psychiatric sequelae^ The answer is not 
clear As there was no persistent intellectual impairment after head 
injury and no euphoria or gaiety, I am not inclined to postulate per- 
sistent damage to the brain, which might have made him oblivious 
to his state The brain of a nonalcoholic youth of 20 is probably 
less vulnerable than that of a chronic alcohol addict of an older age 
group The scACrc injur} to the arm vould have justified a substan- 
tial state of anxiet}’ , jet he shoned virtually none — -^^ot e\en concerning 
the arm itself In a search for a possible explanation inquiry %\as 
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made concerning constitutional factors He had long been at odds 
with his family because of their general irresponsibility and obhvious- 
ness to the responsibilities of everyday life Both parents were 
happy-go-lucky and improvident Could an injury to the brain have 
mobilized such latent tendencies m him? Certainly, theie is no evi- 
dence to support such a speculation, nor can one invoke the categorical 
pretraumatic diagnosis of “normal,” because a scrutiny of the details 
of his personality shows that m the “normal” group he was one of the 
most serious and might thus have been expected to react with greater 
gravity to a difficulty This case illustrates the difficulty, or impossi- 
bility, of relating psychiatric sequelae to the surgical severity of an 
injury to the brain 

In addition to these 3 patients, there were 9 who were considered 
to have suffered very severe acute injury to the brain, as judged by 
prolonged coma, disorientation and amnesia, with grossly bloody 
cerebrospinal fluid m each case, coupled with fracture of the skull in 6 
Three patients had been subjected to craniotomy for debridement of 
compound, comminuted fractures The average seventy of psychologic 
sequelae (including headache, dizziness and work disability), on a 
scale of 0 to 3, was 1 3 The categorical pretraumatic diagnoses 
of these 9 patients were as follows psychopathic personality, 1 patient , 
psychovariant personality, 3 patients, normal personality, 5 patients, 
and neurotic personality, none 

Nineteen patients were classified as having suffered moderately 
acute injury to the brain They had all manifested substantial dis- 
turbances of consciousness, orientation and memory, m addition, 14 
had grossly bloody cerebrospinal fluid Eleven had skull fractures 
The average severity of psychologic sequelae m this group was 1 3, 
a figure identical with that for the more severely injured group 

Minimal acute injury to the brain was sustained by 70 patients 
The average severity of sequelae in this group was 0 8 This figure 
is definitely less than that for the preceding group It may be argued, 
therefore, that there is some inci eased statistical probability of psycho- 
logic sequelae of patients with the grosser acute head injuries This 
does not prove that the psychiatric symptoms are the direct result 
of injury to the brain as such When there has been compound fracture 
of the skull or other gross surgical injuries, the necessarily prolonged 
stay in the hospital might well have an impressive psychologic effect 
on the patient 

Table 10 tests the possibilities by a correlation of the severity of 
injury to the brain and the severity of sequelae Fiom the table it is 
apparent that there is not a rigid relationship between the severity 
of the cerebral injury and the severity of sequelae except for the 
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psychopathic personalities In this group it will be noted that each 
of the 3 patients with severe sequelae had suffered severe injury to 
the hi am Euphoiia developed in 2, with evidences or suggestions 
of dementia The changes m these patients have already been desciibed, 
as was the state of the patient with severe damage to the biain, who 
had only minimal sequelae In the gioup with “normal” pretraumatic 
personalities, there were 7 patients with severe injury to the brain, of 
these, 3 had no sequelae, 1 minimal sequelae, 1 moderate sequelae and 
2 maximal sequelae In the same group it should be noted that 4 of 
the 7 patients who exhibited maximal sequelae had sustained only 

Table 10 — Estimated Seventy of Iiijtny to Biain Coi related zvith Estimated 
Severity of Sequelae in Vat ions Peisonality Categotics 


PcrEOnnlity Type 

Normal 

Psychoncurotlc 

Psychopathic 

Psychovayiant 


* Rated on seale of 0 to 3 
+ Rated on scale of i to 3 

minimal injury to the brain None of the patients with pretraumatic 
psychoneurotic personalities sustained severe injuries to the brain, and 
only 2 sustained moderate cerebral injuries Yet it should be noted 
that the psychoneurotic patients did show a larger portion of sequelae 
than either of the other groups In the group of 3 patients with 
psychovanant personalities who sustained severe injuries to the brain, 
only 1 had even moderate sequelae, while 2 had no sequelae It 
appears, thus, from table 10 that, except for the psychopathic per- 
sonalities, there is little correlation between the severity of the injury 
to the brain and the sequelae of such injury 

complicating factors 

When a person sustains a head injury, he may m addition, and 
often does, suffer injury to other parts of his body The persistence 
of such associated injury contributes to a continuance of the patient’s 
interest in himself This may be particularly so if such associated 
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injury prevents a return to work On the other hand, the persistence 
of an associated injury or injuries appears in some cases to act as a 
distraction In every case of head injury, then, one must take into 
account the possible effect of an associated injury, if such occurred 
In general there was a high correlation of persistence of associated 
bodily injuries, prolonged work disability and persistence of psychiatric 
symptoms 

One must not lose sight of the fact that a head injury always 
involves a person as such rather than an arbitrarily defined part of 
that person Such a person can be understood only in the light of 
his constitution and conditioning experiences His reaction to a head 
injury, as to any incident in his life, is affected by what he was previous 
to that incident In the present studies notice was taken of the 
possible existence of the following complicating psycliosocial factors 

Marital or domestic difficulties 
Sexual maladjustments 
Occupational stresses and hazards 
Financial difficulties 

Impending induction into the armed forces 

Under existing social legislation, provision is usually made for com- 
pensation to those injured in the course of their occupations In 
addition, the law requiring that motor vehicles carry insurance to 
provide compensation in cases of bodily injury makes the frequency 
of litigation high It was noted, therefore, with respect to each case 
whether there was any issue of compensation or litigation 

Table 11 presents an analysis of the data on all patients in this 
study who had sequelae of the head injury In this table, the per- 
sonality type, the severity of the sequelae and the severity of the 
injury to the brain are presented, together with data concerning any 
associated injury, the existence of compensation or litigation problems, 
other complicating factors and the time of return to work 

From a study of this table, it is obvious that there was a high 
correlation between the existence of pending litigation, continuing work 
disability and persistent psychiatric symptoms (sequelae) In general, 
this is greatly out of proportion to the estimated severity of the 
cerebral injury as such The interpretation of this phenomenon is 
open It would appear that the existence of litigation at the very 
least tends to maintain the patient’s focus on the subject, particularly 
as legal processes are extended However, contrary to some judgment, 
the termination of litigation does not generally terminate the symptoms 
promptly It undoubtedly does have a salutary effect on the symptoms 
to the degree that one factor which has tended to keep the patient’s 
mind on himself has been eradicated In no case in this series was 
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Personality 

Psycliopathic 


Psycho van ant 


Psychoneurotic 


Normal 


Severity (Scale 0-3) 

A 

Brain Associated 
Sequelae Injury Injury 

11 — 


Compen- 
sation Other 

Irltiga- Complicnting 

tion Factors 


Eoturn to 
Work 


Prompt 


1 3 

2 1 

3 3 

3 3 

3 3 



Dementia (?) 

2 mo 

+ 

Marital trouble 

1 mo 



1 yr -l--i- 

+ 


lyr -b 

+ 

Abnormal electro 

9 mo 


cardiograph— 4 mo 


1 

1 

1 

1 

1 

1 

2 

1 

2 

2 

3 

3 

3 

3 


3 

3 

3 

3 

3 

2 

1 

1 
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3 

3 
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3 
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2 
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2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1 



• 

Imo 

1 



Marital trouble 

1 wk 

1 


— 

Persistent headache 

3 mo 

2 

Compound fracture 
of both legs 

— 

Dizziness— 12 mo 

lyr 

'2 

— 

— 


2 mo 

2 

Torn tiblal tubercle 

-f 


Over 6 mo 

1 



+ 

Financial dllllcultles 

Over 6 mo 

2 



Domestic dilllcultics 

Over 6 mo 

1 





1 mo 

3 

Paralysis of 6th 
and 7th nerves 

— 


Over 6 mo 

1 

Synovitis (knee) 

+ 

Marital trouble 

3 mo 

2 

Ulcers and abrasion 
of leg 

-f 

-i- 

Occupational hazards 
—lire captain 

6 mo 

2 

Amputation— toes 
and foot 

+ 

Occupational hazards 

Over 7 mo 

2 

— 

-i- 

Scvual and financial 
dllllcultles 

4 mo 

2 

Practure of vygoma 

-b 

— 

8 mo 

1 

Burns 

+ 

Occupational hazards 
— fireman 

6 mo -i- 

1 

Laceration of face, 
deafness (Sth nerve) 

-b 

— 

3 mo 

1 

Marked dizziness 

-i- 


1 mo 

1 

— 

+ 

Marital trouble 

3 wk 

2 

Sprain of back 

•f 

— 

2 mo 

1 

— 

— 

Financial 

3 mo 

1 

Fractured nose 

— 

— 

1 mo 

3 

Depression of skull 
above eye 

+ 

Cosmetic defect 

2 mo 

3 

Squint, sprained 
■wrist 

-1- 

Persistent squint, 
etc 

1 yr 

1 

Multiple lacerations 

+ 

Occupational hazards 
—fireman 

9 mo 

1 


-1- 

Illegitimate preg- 
nancy, etc 

3 mo 

1 

Tinnitus 

+ 

— 

7 mo -1- 

1 


+ 

Flrcm an— recovery 
on change of jobs 

3 mo 

2 

Fraetured ribs, 

7th nerve 

-1- 

— 

6 mo -1- 

3 

— 

— 

Impending Induction 

3 mo 

1 

Lacerated scalp 

+ 

Marital trouble 

2 mo 
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— 
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— 
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+ 
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2 

— 
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““ 
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4 mo 
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6th nerves 

— 
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3 mo 

2 

— 

+ 


1 mo 

3 

Epilepsy and cos- 


— 

1 mo 


metic defect 
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a diagnosis of malingeimg made or suspected It should be added, 
as has been stated before, that most patients returned to work long 
before litigation was terminated 

When compensation was being paid to an injured person on the 
basis of industrial accident insurance, the convalescence was usually 
much longer This was paiticulaily noticeable in cases of persons 
with hazardous occupations, such as firemen and police officers 

In order to test the distributional relationships involving litigation 
to see whether there was any particular incidence or weighting, a 
scattergram (table 12) was devised m which various combinations 


Table 12 — Scattergiaiu, Showing Number of Patients with Various Combina- 
tions of Factors 
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* A, indicates litigation, B, no litigation C, problems, D, no problems, G, chronic alco 
holism H, no alcoholism, I, associated trauma J, concussion only, K, coma of less than thirty 
minutes’ duration L, coma of less than ninety minutes’ duration, M, coma of more than 
nmety minutes’ duration, N, disorientation of less than one hour, 0, disorientation of less 
than three hours, P, disorientation of less than twenty four hours, and Q, disorientation of 
more than twenty four hours 


were correlated against foui degrees of disorientation In all, 31 
patients were engaged m litigation and 70 patients were not In the 
left half of the scattergram litigation is the one common factor for 
the 31 patients dealt with there, in the right half of the scattergram 
the absence of litigation is the one common factor The other factors 
considered are existence of other complicating psychosocial factors, 
nonexistence of psychosocial factors, existence of chronic alcoholism, 
absence, of alcoholism, associated bodily injury, clinical diagnosis of 
simple concussion, and coma of less than thirty minutes’ duration, 
ninety minutes’ duration or more than ninety minutes’ duration 

These items were given key letters, as follows A, existence of 
litigation , B, absence of litigation , C, existence of complicating psycho- 
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social factors other than litigation , D, absence of complicating 
psychosocial factois other than litigation, G, chronic alcoholism (pre- 
traumatic) , H, absence of alcoholism, I, associated bodily injury, 
J, clinical diagnosis of concussion , K, coma of less than thirty minutes’ 
duration, L, coma of less than ninety minutes’ duration, M, coma 
of moie than ninety minutes’ duration 

Every possible combination of these items was aiianged, and the 
number of patients with each combination was noted These were 
then coi related with the duiation of disorientation following the head 
injury There weie four categoiies of disorientation, aiianged accord- 
ing to the following key letters N, disoi lentation of less than one 
hour, O, disoi lentation of less than three houis but more than one 
hour, P, disorientation of less than twenty-foui hours but moie than 
tliiee hours, Q, disorientation of more than twenty-foui hours 

From this scattergram it appears that none of these factois other 
than A 01 B were present by chance m such laige degiee as materially 
to weight the data 

Comment — It is appaient from the foiegomg data that the 
psychiatric sequelae of head injuiy cannot be related to one particular 
factor It IS obvious that neither seveie acute mjuiy to the biam 
nor a heavily burdened personality will m itself explain the appear- 
ance and persistence of psychiatiic sequelae as such Ceitamly, some 
of the patients m this series who were heavily buidened Avith neuiotic 
traits recovered from the acute head mjuiy without sequelae I was 
particularly interested not only in ascertaining if possible why patients 
have sequelae but also why some patients did not have sequelae The 
reasons that patients did not exhibit sequelae weie about as complex 
as the reasons that some did On the whole, however, the patient 
who was altrocentnc rathe! than egocentric, social minded and endowed 
with a high sense of responsibility was most likely to escape substan- 
tial sequelae despite the fact that such a person might be heavily 
burdened with neurotic traits 

In part I ^ it was noted that among the patients piesentmg post- 
traumatic mental symptoms there was a slight piedominance of 
pretraumatic neurotic personalities It was argued, however, that the 
statistical difference between such a group and other personality 
categories was insignificant Those statements must be modified m the 
light of the observations which appear in the present paper, and which 
have been based on more intensive personality study The group of 
pretraumatic psychoneurotic personalities as a whole did show a sub- 
stantially greater degree of psychiatric sequelae than did other groups 
However, it must be stressed that this difference is not great enough 
to permit any generalizations other than those 'applying to large series 
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of cases Pretraumatic normal personalities closely approached the 
psychoneurotic personalities m the degree of psychiatric sequelae 
The syndromes following trauma to the head cannot be categorically 
related to the acute head injury as such, to the pretraumatic personality 
or to complicating factois There appears to be little validity for 
continuing the commonly accepted term "postconcussion syndrome,” 
because if such a term had validity there should be a relationship 
between severity of the concussion as measured by the duration of 
unconsciousness and the severity of the sequelae No such relation- 
ship has been demonstrated Denny-Brown - has presented convincing 
data in support of his proposal that the term “postconcussion 
syndrome” be dropped In view of the fact that little evidence exists 
for any relationship between cerebral contusion as evidenced by bloody 
cerebrospinal fluid and the common sequelae of head injury, it is 
also proposed that such a term be dropped Denny-Brown “ has used 
the term “post-traumatic cerebral syndrome ” This is more acceptable 
than any term previously proposed because it does not restrict con- 
sideration to any specially assumed type of injury to the brain It is 
suggested, however, that the wording of that term be revised to read 
“post-cerebral-traumatic syndrome ” 

The one conclusion which emerges from this study is that generali- 
zations cannot be applied to a particular case In various cases there 
may be great differences in the causes of the sequelae In a particular 
case the sequelae are likely to be the resultant of various factors rather 
than of a particular one 

SUMMARY 

One hundred and one civilians with acute head injuries were sub- 
jected to intensive study of multiple factors in the pretraumatic and 
the post-traumatic personality status A clinical quantitated estimate 
was made of the degree of each of these specific personality factors 
With such a method a multidimensional perspective of each patient 
was obtained, by which it was possible to quantitate changes, if any, 
m personality following head injury 

In addition, all patients were given categorical classifications of 
the pretraumatic personality (normal, psychoneurotic, psychovariant 
and psychopathic) 

Correlations were made with the nature and estimated severity of 
the acute cerebral trauma and with various potentially complicating 
factors, such as associated bodily injuries and various possible sources 
of psychologic stress (litigation, occupation and financial and marital 
difficulties) 

It was found that in a number of patients neurotic symptoms 
appeared for the first time after head injury In most patients psycho- 
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logic changes following head mjuiy became most manifest shortly after 
discharge from the hospital and weie at a maximum three to six weeks 
after discharge The duration of post-traumatic symptoms varied but 
m geneial they were substantially receding at the end of three months 
However, approximately 50 per cent of the patients showed some 
persistence of symptoms at six months, and approximately 15 per 
cent had symptoms which persisted a year oi longer The duration 
of incapacity for work paralleled the peisistence of psychologic symp- 
toms , but most patients returned to work before they were entirely free 
of symptoms 

Patients with pretraumatic psychoneui otic personalities showed a 
greater proportion of post-traumatic psychiatnc symptoms than did 
patients in other groups However, the patients with pretraumatic 
normal personalities were closer to the psychoneurotic patients than 
were members of other groups 

There was no close correlation between the severity of the acute 
injury of the brain and the severity of the sequelae 

There was high correlation between the existence of persistent com- 
plicating psychosocial factors, such as continuing compensation, pending 
litigation, occupational stresses and persistent associated bodily mj'unes, 
and the severity and peisistence of psychiatric sequelae 

No correlations were found which would permit the ascription of 
psychiatric sequelae to one particular cause or group of causes The 
psychiatric sequelae in an individual case were usually the resultant 
of various factors The etiologic factors in the psychiatric sequelae 
in a particular case depended on specific factors m that case 
Boston City Hospital 



EFFECTS OF DENERVATION ON FASCICULATIONS 
IN HUMAN MUSCLE 

Relation of Fibrillations to Fasciculations 
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I N A pievious communication^ evidence was presented to the effect 
that fasciculations m voluntary muscle have their site of origin not 
in the anterior horn cell but at the myoneural junction This evidence 
consisted of the demonstration of continued fasciculations during phar- 
macologic block of the appropriate peripheral nerves or nerve roots 
and of the alteration of the frequency of fasciculations by drugs acting 
at the myoneural junction 

Subsequently, Denny-Brown - mentioned the disadvantages of 
pharmacologic block and indicated that this type of block could not be 
considered absolute in the physiologic sense, for the drug employed need 
not affect all the fibers in a given nerve to the same degree nor could 
the interference with transmission of sensory or voluntary motor stimuli 
permit one to conclude that all impulses were blocked 

For these reasons, confirmatory evidence for our previous piemise 
regarding the site of origin of fasciculations was sought It was thought 
that this could be supplied by observations on muscles deneivated by 
section of the motor nerve supply It was also hoped that by these 
studies some light might be thrown on the confusing problem of the 
relationship, or lack of relationship, between fasciculations and fibrilla- 
tions 

METHODS 

The experiments were performed on 2 patients with severe amj'otrophic lateral 
sclerosis Both patients were disabled to such an extent by their disease process 
that nerve section did not mateiially increase their disability In one experiment 
the left axillary nerve was sectioned in a patient with severe atrophy, weakness 
and fasciculations of the muscles of both shoulder girdles In the second experi- 
ment the right femoral nerve was sectioned in a bedridden patient with pronounced 
atrophy, weakness and fasciculations of the muscles of all four extremities This 
patient was also the subject of the third experiment, in which the left femoral 
'nerve was sectioned All nerve sections were performed with the usual surgical 

From the Department of Neurology of Jefferson Medical College 
1 Forster, F M , and Alpers, B J The Site of Origin of Fasciculations 
in Voluntary Muscle, Arch Neurol & Psychiat 51 264 (March) 1944 
2 Denny-Brown, D Personal communication to the authors 
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precautions In addition to simple sectioning, a portion of each nerve approxi- 
mately 2 cm in length was removed The cut ends of the nerves were not 
sutured All the wounds healed uneventfully 

Fasciculations were recorded electrically b}’’ means of a three channel, condenser- 
coupled amplifier with ink-writing oscillograph (Grass) The electrodes con- 
sisted of coaxial needle electrodes and of pairs of single needles placed at a 
distance of 0 5 cm In deriving conclusions, only records from the coaxial needle 
electrodes were considered Readings were taken prior to and after section of 
the peripheral nerves and from control muscles in other extremities, as well as 
from the muscles concerned in the present study Electrode placements were 
through tattoo marks placed m the skin so that variation of placement might be 
reduced to a minimum In eacli reading the number of fasciculations appearing 
in ten minutes was recorded When neostigmine was given, the dose employed 
was 15 mg, and the intramuscular loute was chosen Atropine sulfate, 1 3 mg, 
was administered simultaneously with the neostigmine 



Fig 1— Effects of denervation on incidence of fasciculations, as observed at 
weekly intervals In experiment 1 {A), on the fourth day after section of the 
^»iary nerve the incidence of spontaneous fasciculations m the deltoid muscle 
had decreased, and on the eleventh and on all subscQuent days fasciculations were 
absent Neostigmine induced no fasciculations In experiment 2 (A) five days 
after section of the femoral nerve fasciculations in the quadriceps muscle decreased 
and were absent on the twelfth and on subsequent days Neostigmine was without 
effect after the twelfth day 


In this figure, and in figure 2, the line with large, hollow circles indicates 
va ues for spontaneous fasciculations, and the line with small, solid circles, the 
values for neostigmine-induced fasciculations 


RESULTS 

In the control observations, m experiment 1 (fig- 1 A), nn average of 
20 fasciculations occurred in a single motor unit in the course of ten 
minutes Four days after denervation the incidence was 15 fascicula- 
tions during a ten minute period Beginning with the eleventh day, 
no spontaneous fasciculations appeared, nor did the administration of 
neostigmine produce fasciculations in the denervated deltoid muscle, 
despite the marked increase present in the nondenervated muscles In 
experiment 2 (fig IF) the control observations indicated an average 
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frequency of fasciculations of between 55 and 60 in a given motor umt 
during a ten minute period Five days after denervation only 3 spon- 
taneous fasciculations occurred, and neostigmine given intramuscularly 
induced only 6 fasciculations in an identical interval of time On the 
twelfth day and at each succeeding seventh day reading, neither spon- 
taneous nor neostigmine-induced fasciculations appeared in the dener- 
vated quadriceps femoris muscle, while a marked increase of 
fasciculations was present m the nondenervated fasciculating muscles 
These two experiments were conducted simultaneously and were 
part of a series of long term studies of these patients at weekly 
intervals It was apparent from these studies that fasciculations were 
not immediately abolished by denervation and that a later disappear- 
ance of this muscle phenomenon took place It was obviously necessary 
to study the problem at shorter intervals 



Fig 2 — Effects of denervation on incidence of fasciculations, as observed at 
daily intervals in experiment 3 There was a transient increase of fasciculations 
in the quadriceps femoris muscle after section of the femoral nerve and absence of 
spontaneous and neostigmine-mduced fasciculations on the eighth and on all 
subsequent days The break m the base line indicates that no fasciculations were 
recorded between the twelfth and the fifty-seventh day 

In experiment 3 (fig 2), after section of the left femoral nerve, 
daily observations were made for a period of sixty days There was a 
striking increase in the incidence of both spontaneous and induced 
fasciculations on the second and third postoperative days, followed by 
complete cessation of both spontaneous and induced fasciculations from 
the seventh day after sectioning 

CONCLUSIONS 

Effect of Denef'vatton — In three separate experiments the denerva- 
tion of fasciculating human skeletal muscle failed to produce immediate 
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disappearance of fasciculations In the single experiment in which 
daily recordings were made an increase in the number of fasciculations 
was noted on the second and third days after nerve section, and both 
spontaneous and neostigmine-induced fasciculations failed to appear 
after the seventh day following denervation In the other two experi- 
ments, with observations at weekly intervals, fasciculations were present 
on the fourth and fifth days after denervation but could not be elicited 
on the eleventh and twelfth days or on subsequent days following nerve 
section 

The presence of fasciculations during the first seven days after nerve 
section confirms the opinions derived from the previously reported 
observations on pharmacologic block of the nerve supply of fasciculating 
muscle The very presence of fasciculations in muscle after section of 
the motor nerve supply of that muscle demonstrates conclusively, that 
the anterior horn cell cannot be the site of origin of fasciculations in 
muscle, as there is no longer any continuity of conduction pathways 
between the anterior horn cell and the myoneural junction There 
remains as the possible site of origin only the distal portion of the 
nerve, the myoneural junction and the muscle itself Since it is unlikely 
that the nerve fibers themselves could give rise to impulses producing 
these muscle fiber contractions and since, as was demonstrated in the 
previous observations,^ the frequency of fasciculations is influenced by 
drugs acting at the myoneural junction, the logical deduction is that 
fasciculations originate in this region 

In these experiments there could be no question of the complete 
interruption of the motor nerve supply of the denervated muscles 
Muscles chosen for study were such that a single nerve contained their 
entire motor nerve supply Not only v>rere these nerves sectioned, but 
a considerable portion of the nerve trunk was excised so that the sepa- 
ration of distal and proximal ends would be greater than that produced 
by simple section Thus, any possibility, however slight, of nerve 
regeneration during the course of the experiments was obviated The 
use of coaxial grounded needles insured against the possibility of 
pick-up from surrounding, nondenervated muscles In addition to this. 
It was possible visually to observe gross fasciculations of the dener- 
vated deltoid and quadriceps femoris muscles The continued presence 
of fasciculations for a period of days after denervation confirms the 
previous deductions from pharmacologic nerve block and hence indi- 
cates the validity of the use of spinal anesthesia or of nerve block in 
studying this problem 

The ultimate disappearance of fasciculations in denervated muscles 
raises a vexing point, and one which requires a further consideration 
of differences and relationships between fasciculations and fibrillations. 
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Fibrillations Veisns F asciciilatiotts — In many respects the differ- 
ences between fasciculations and fibrillations are not decisive Fibrilla- 
tions are fine, continuous, tremor-like contractions, visible in strong 
reflected light on the surface of exposed denervated muscle Fascicula- 
tions are grossei contractions, appaient through the intact skin, and 
appear classically in association with disease of the anterior horn cell 
Fibrillations are considered to be contractions of a part of or an 
entire muscle fibei Fasciculations are considered to be the contrac- 
tion of a group of muscle fibers, a single motor unit The differentiation 
between these two types of involuntary muscular conti action, as cited, 
was clarified by Denny-Biown and Pennybacker,^ who concluded that 
fibrillations arose at the niyoneuial junction and inferred that fascicula- 
tions arose from the anterior horn cells liowever, even they found 
occasionally m then experiments that fibrillations approached fascicula- 
tions' 111 their characteristics Tower,* in her leview, concluded that it 
IS uncertain whether a sharp distinction exists between the two 
phenomena and advocated the utilization of such critical procedures as 
nerve block to differentiate fuither between the two states 

Among iieuiologists theie is no clear differentiation between fibril- 
lations and fasciculations, and, indeed, many clinicians and some physiol- 
ogists employ the terms interchangeably On the surface the problem 
would seem to be quite simple, in. view of the previously outlined 
differences, especially since fibrillations occur only after denervation 
and fasciculations appear in the presence of disease of the anteiior hoin 
cells However, both progressive muscular atiophy and amyotrophic 
lateral sclerosis aie associated not only with diseased neurons of the 
anterior horn cells but also with a paucity of cells, thus producing 
essentially a denervation of the corresponding motor units Viewed 
from this standpoint, the apparently different etiologic origin of the 
two phenomena loses much of its importance The similar site of origin, 
the myoneural junction, of the two phenomena also tends to lessen 
the differences between them 

Fibrillations appear m deneivated animal muscle m varying periods 
of from two to eight days after denervation, the longer time intervals 
occurring with the higher animals Feinstein, Pattle and Weddell® 
found in a single experiment that it lequired sixteen days for the 
development of fibrillations m deneivated human muscle Fasciculations, 
according to our obseivations, disappear m human muscle approximately 

3 Denny-Brown, D , and Pennybacker, J B Fibrillation and Fasciculation 
in Voluntary Muscle, Brain 61 311, 1948 

4 Tower, S The Reaction of Muscle to Denervation, Physiol Rev 19 1, 

1939 

5 Feinstein, B , Pattle, R E , and Weddell, G , Metabolic Factors Affecting 
Fibrillation in Denervated Muscle, J Neurol , Neurosurg & Psychiat 8 1, 1945 
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seven days after denervation, -while fibrillations appear at a somewhat 
later date and are permanent The possibility immediately arises that 
fasciculations may be multiple, simultaneous fibi illations occurring in the 
same motor unit Since fasciculations induced by neostigmine are 
known to yield antidromic impulses,® presumably from the myoneural 
junction, and since antidiomic impulses have been described from 
peripheral stimulation of a motor nerve, it is conceivable that such 
impulses could exert a synchronizing effect on the muscle fibiils served 
by a single motoneuron axon This could be accomplished either by 
the effect of antidromic impulses on the motoneuron in the anterior 
horn cell or by means of an axon reflex, thus not requiring the media- 
tion of the anterior horn cell In view of the persistence of fascicula- 
tions for some time after deneivation, antidromic impulses could be 
effective only as part of an axon reflex The pionounced decrease in 
the incidence of fasciculations occuning fiom the fouith to the fifth day 
after denervation coi responds well with the anatomic changes occuning 
in the axons of the peripheral stump of a sectioned nerve At tins stage 
of denervation the axons have become degenerated to a degiee that seg- 
mentation occurs, together with inclusion of fragments of the axon 
with fragments of myelin In other words, by the time fasciculations 
disappear in deneivated muscle it is unlikely that the peripheral stump 
of the nerve retains the ability to conduct impulses from the myoneural 
junction 

The anatomic changes in denervated muscle cannot be correlated 
temporally with the disappearance of fasciculations Alterations of 
muscle striations, sole plate granules and frankly degenerative changes 
occur much later, and, while subsarcolemmal nuclei show alterations 
early in the course of denervation, it is difficult to conceive of these 
alterations having any relevant bearing on the incidence of fasciculations 
The determination of chemical alterations m denervated muscle has of 
necessity been on experimental animals These studies ^ indicate that 
within the period of disappearance of fasciculations there occur an 
increase in calcium and phosphoric acid and a decrease in glycogen, 
potassium and phosphocreatine These chemical alterations suggest a 
biochemical origin of the fasciculations, and the changes in potassium, 
coupled with the known increase of fasciculations produced by neostig- 
mine indicate that synthesis and destruction of acetylcholine may be 
concerned with the induction of fasciculations at the myoneural junction 

In experiment 3 the increase of fasciculations during the second and 
third days after denervation requires further investigation This was 
not noted in the other experiments, possibly as a result of too infrequent 
readings 

6 Masland, R L, and Wigton, R S "Nerve Activity Accompanying Fascicu- 
Jations Produced by Prostigmin, J Neurophysiol 3 269, 1940 
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SUMMARY 

Fasciculations do not arise at the anterior horn cell, since they are 
present for a time after denervation of the fasciculating muscle Fascicu- 
lations, like fibrillations, originate at the myoneural junction Fascicula- 
tions and fibrillations probably represent the same phenomenon, the 
only difference being that fasciculations are synchronized fibrillations 
occurring m the same motor unit The decrease of fasciculations about 
four days after denervation correlates with the anatomic changes m the 
peripheral nerve stump Fibrillations are probably synchronized into 
fasciculations by antidromic impulses from the myoneural junction and 
firing in axon reflex fashion The disappearance of fasciculations is 
due to the destruction of the synchronizing pathway when the peripheral 
stump degenerates 
1025 Walnut Street 


DISCUSSION 

Dr Richard Masland, Philadelphia It is important to emphasize the dis- 
tinction between fibrillation and fasciculation In fibrillation the individual muscle 
fibers contract independently In fasciculation there is a synchronized discharge of 
a group of muscle fibers There is every reason to believe that this synchronization 
IS due to neural activity and represents the response of a motor unit to a nerve 
impulse 

It has been shown that in the case of the fascicular twitch which follows the 
administration of neostigmine there is a nerve impulse associated with the con- 
traction This impulse may arise either through antidromic musculoneural trans- 
mission or by direct stimulation of the nerve ending sensitized by the drug 
(Eccles, J C , Katz, B , and Kuffler, S W / Neurophystol 5 211, 1942) When 
the nerve ending is stimulated, an antidromic impulse is set up, there is an axon 
reflex, and a motor unit discharge results 

There is a striking similarity bet.veen the “neostigmine twitch” and the fascicu- 
lation of anterior horn cell disease Both are inhibited by small doses of curare 
The experiments just concluded indicate that each arises at the nerve ending 
It IS my belief that in each instance the fundamental element is an abnormal 
excitability of the nerve ending 

In attempting to explain the fact just demonstrated that although the disease 
IS in the anterior horn cell tlie twitcn arises at the nerve ending, it is important 
to bear in mind that the anterior horn cell includes not only the cell body but 
the peripheral nerve, which is its axon, and the nerve ending It is not remarkable, 
therefore, to discover that a disease which is demonstrated pathologically in the 
cell body within the spinal cord produces striking physiologic changes in the entire 
cell These manifest themselves as an alteration in excitability at one of tlie more 
highly specialized portions of the neuron — the nerve ending 

Dr Richard Masland, Philadelphia In reply to Dr Alper’s question, Eccles 
has expressed the opimon that the increased irritability of tlie nerve ending observed 
with neostigmine poisomng may be due to prolonged negativity In view of the 
striking similarity between the twitch seen with such diseases as amyotrophic 
lateral sclerosis and the “neostigmine twitch,” it is not unreasonable to postulate 
that the same factor is responsible foi both 

Dr Frederic H Lewey, Philadelphia The question of fibrillations or 
fasciculations is important also from the clinical point of view A review of the 
textbooks shows it to be almost an axiom that “fibrillation” is characteristic of a 
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lesion of the anterior horn cell, in contrast to one of the peripheral nerve Oscil- 
lographic records show that the completely denervated muscle “fibnllates ” This 
IS not visible clinically The first sign of beginning reinnervation of a muscle is 
the appearance of not yet synchronized, spread potentials, which are now called 
“fasciculations” ' They are visible clinically as what were formerly called fibril- 
lations No voluntary motion is possible at that stage The last stage of muscle 
reinnervation is characterized by the appearance of synchronized action potentials, 
1 e , spikes, accompanied with the return of voluntary movements This experience 
gained from patients with peripheral nerve injuries corresponds to the observations 
of the authors, with the restriction that in diseases such as spinal progressive 
muscular dystrophy some units may oe diseased and others still functioning well 

Dr Francis M Forster, Philadelphia Our use of the term anterior horn 
cell should be clarified, for by that term we referred to the cell body and its 
nucleus, and not specifically to the axonal terminations The experimental data 
presented this evening indicate definitely that the impulses giving rise to fascicula- 
tions did not originate from the portions of the cells m the ventral horns of the 
spinal cord Fundamentally, I do not believe there is any real difference of 
opinion between ourselves and Dr Masland Our studies did not include patients 
with myopatliies However, the myopathies are not always sharply delineated, and 
the occurrence of clinical or pathologic evidence of involvement of the cord with 
the myopathies is by no means rare 



TOXICITY OF QUINACRINE (ATABRINE) FOR THE 
CENTRAL NERVOUS SYSTEM 

III An Experimental Study on Human Subjects 

LIEUTENANT COLONEL THEODORE LIDZ* 
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LIEUTENANT ROBERT L KAHN 
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A METHOD of detecting and measuring the toxic effects of drugs 
on celebration and its use in a preliminary investigation of the 
toxicity of quinacnne (atabrine) are presented The piocedure is simple 
and consists in principle in compaiing the intellectual functioning of 
subjects while taking the drug and when free of the drug Groups of 
subjects receiving diffeient doses of quinacnne hydrochloride and with 
varying serum levels of the drug weie tested to gam an approximate 
estimate of the dose which tends to be toxic foi human subjects 

The study was undertaken when it w^as observed, during the treat- 
ment of many thousands of patients for malaria, that the most serious 
toxic effect of quinacnne was the occurrence of toxic psychoses This 
complication was seen most often aftei excessive doses Massive 
quinacnne therapy had been instituted on the island on wdiich we W'ere 
stationed to determine whether the production and maintenance of a 
high quinacnne level in the serum w'ould check the recurrence of 
tertian malaria The sole serious limitation to the quantity of quinacnne 
which could be given appeared to be the relationship betw^een the 
rapidity of administration of large doses and the occurrence of con- 
fusion or overt psychoses As the treatment by massive dosage brought 
little, if any, benefit, the expeiiment was abandoned How^ever, the 
experience indicated that as the important toxic effect of quinacnne 
w^as on the central nervous system, the limitations of dosage should be 
determined in terms of the effect of the drug on the central nervous 
system A means was therefoi e sought which w'ould permit the measure- 
ment of the effects of the drug on mental functioning 

It is w’^ell to clarify the meaning of toxicity as applied to quinacnne 
The risk to be taken in the use of a drug is propoitionate to the benefits 
to be derived The toxic dose cannot be determined according to fixed 

* On leave of absence from the Phipps Psychiatric Clinic 

Originally submitted for publication to the Office of the Surgeon General 
in September 1944 


284 



LIDZ-KAHN— TOXICITY OF QUINACRINE 


285 


standards If massive dosage of qumacrme decreased the rate of recur- 
rence of tertian malaria markedly, the risk of an occasional qumacrme 
psychosis might well be considered worth while The balancing of an 
optimal therapeutic dosage would then be a difficult matter As it now 
appears that heavy dosage is of little benefit, the problem is not difficult 
The dose is to be maintained below that which will produce toxic 
effects The determination of toxic levels of the drug, which is the pur- 
pose of this study, would be a matter of only pharmacologic interest 
if it were not for the pioblem of the toxic psychoses 

Qumacrme psychoses have been reported by a number of observers 
Experiences on this island with 28 cases of toxic psychosis ^ and 7 cases 
of convulsive seizures “ due to qumacrme among approximately 30,000 
patients treated for malaria have been reported m previous papers 
Psychoses were infrequent when conventional theiapy (21 or 2 8 Gm 
of qumacrme hydrochloride in seven days) was used but increased in 
frequency when massive therapy (14 Gm m twenty-four hours, 3 8 or 
4 8 Gm m seven days, and so on) was employed With cessation of 
heavy dosage, qumacrme psychoses again became a rarity, although the 
' numbei of patients treated remained unaltered It was noted that, in 
addition to the patients with frank psychoses, a fan number of the men 
who received the large amounts of qumacrme complained of feeling con- 
fused or intoxicated Confusion is basic to the toxic psychoses and 
connotes impairment of mental functioning It was believed that if the 
mentation of some patients were sufficiently disturbed by the qumacrme 
to produce confusion that was perceptible, either objectively or sub- 
jectively, the utilization of refined means of testing would uncover lesser 
degrees of impairment m a larger proportion of the patients 

It happened that 2 patients who became psychotic under massive 
qumacrme therapy had been given intelligence tests a day or two before 
they had the onset of psychosis, but after they had taken a large quantity 
of qumacrme The severity of the mental deficiency that existed in 
both patients was estimated erroneously, for the patients showed a 
significant increase in their mental ages when retested after recovery 
from the psychosis and after qumacrme had been withdrawn for some 
time For 1 of the patients the score on the Stanford-Binet test shifted 
from a mental age of 6%2 years to one of 9^2 years, and for the other, 
from a mental age of 9%2 years to one of 11%2 years, and the score 
on the Kohs block test given the second patient shifted from a mental 
age of 6 years to years The presence of impaired intellectual 

functioning prior to the onset of the psychoses in these patients sug- 

1 Newell, H W , and Lidz, T The Toxicity of Atabnne to the Central 

Nervous System I Toxic Psychoses, Am J Psychiat, to be published 

2 Newell, H W , and Lidz, T The Toxicity of Atabnne to the Central 

Nervous System II Convulsions, Am J Psychiat , to be published 
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gested that transient impairments due to subclinical confusion might 
well be found in other patients receiving massive doses of quinacrine 

SELECTION OF THE TEST PROCEDURE 

The comparison of intellectual functions m a subject at any two 
times may be carried out m a number of ways, and emphasis may be 
placed on vanous functions of the intellect There are limitations in 
the choice of the procedure which must be considered It is realized 
from the study of deteriorations following structural damage to the 
brain that such changes, particularly when of recent origin, are not 
always apparent Some tests of mental capacity may fail to reveal the 
defect, for the patient retains information, habitual modes of thinking 
and patterns of behavior which had been acquired when the intellect 
was intact Learned material which can be given without complicated 
reflective or synthetic thinking may remain at the disposal of the patient 
Therefore, such methods of measuring intelligence as the Binet test, 
which measures to a large extent what the subject has learned by means 
of his intelligence, are unsuited to the study of deteriorations It is 
necessary to test the ability for active mentation at the moment, utilizing 
a method which permits a minimum of reliance on knowledge and 
behavioral patterns acquired in the past For group studies, it is 
necessary to select a procedure which yields numerical data that can be 
utilized statistically 

The choice of a suitable procedure has been discussed in detail by 
Lidz, Gay and Tietze,® in an article on the application of the Kohs block 
test to the study of organic deficit states The Kohs block test seems 
equally advantageous for the study of transitory impairment of the 
intellect It is singularly free from the influence of past experience, 
it IS a well standardized and highly reliable procedure, suited to adult 
testing, It is well graded and measures a wide range of intelligence 
levels, retesting with the same procedure does not produce significant 
alterations in the score, and there is little room for subjective error in the 
results, which are scored in numerical terms Although several other 
procedures were utilized at the start of the experiment, particularly 
memory tests, it was found that whenever significant results were 
obtained they were also to be noted in the Kohs block test The dis- 
cussion of the experimental results will therefore be limited to this test 

The nature of the Kohs block test and the method of administration 
will be outlined briefly A complete discussion of the test has been 
presented by Kohs,^ but the procedure has been modified slightly 

3 Lidz, T , Gay, J R, and Tietze, C Intelligence in Cerebral Deficit States 
and Schizophrenia Measured by Kohs Block Test, Arch Neurol & Psychiat 48 
568 (Oct) 1942 

4 Kohs, S C Intelligence Measurement, New York, The Macmillan Corn- 
pan}^, 1923 
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The test material consists of 16 identical 1 inch (2 54 cm ) color cubes and 
17 standardized designs of graded complexity drawn on separate cards to a 1 4 
scale Each cube has four solidly colored sides— blue, red, white and yellow, a 
fifth side IS divided diagonally into red and white, and a sixth, into blue and 
yellow It IS explained that the 16 cubes are identical, and the various sides are 
pointed out A simple sample design is presented to the subject, who is requested 
to reproduce the pattern with the upper surfaces of the cubes The subject is 
given all 16 blocks It is explained that only 4 cubes are needed to form the 
simple pattern, but more will be necessary for some designs The method of 
forming the sample pattern is demonstrated if necessary The subject is then 
requested to make the first design as rapidly as possible and is then offered one 
design after another until failure occurs on three successive patterns If the 
subject does not realize that more than 4 blocks are needed to form the tenth 
design, he is told The time permitted for the completion of each pattern is found 
on the card, but precise time is recorded, as bonus scores are given for rapid 
completions 

The scoring and calculations of the mental age are made according to the 
tables of Kohs,^ but the number of moves made in the completion of a pattern is 
not taken into consideration, as many workers have found it to be a complicating 
factor that does not increase the accuracy of the procedure appreciably A per- 
fect score IS equivalent to a mental age rating of 20 years, and the lower limit, 
inability to complete the simplest design, indicates a mental age of less than 5^ 
years 

As the test was to be given twice to the same subject, two sets of design 
cards were used to minimize the learning factor The second set consisted of 
the same designs but with the color scheme reversed The red and white patterns 
were made blue and yellow and vice versa except for the seventeenth design, 
which would be simplified by reversal of the color scheme The first control group 
was divided m half, and each half was tested with opposite sets of patterns and 
retested with the other set No appreciable difference between the sets of patterns 
was found 

The results of each test were calculated m years of mental age, and the 
difference between the two tests was calculated in months of mental age 

PLAN OF THE EXPERIMENT 

The simplest and most satisfactory approach would be to determine the men- 
tal ages of a group of subjects with the Kohs block test, administer quinacrine 
and retest with the Kohs block test after a given amount of the drug had been 
taken or a definite serum quinacrine level had been attained A fall in the mental 
age on the retest of more than 1 year or 18 months would be an indication of 
impaired mentation, as subjects tend to gam a higher score on the retest and 
rarely show a decline in score of as much as 18 months The study was carried 
out under conditions which imposed limitations that complicated the procedure 

It did not appear wise or practicable to administer heavy doses of quinacrine 
to volunteers The experimental subjects were patients with recurrences of tertian 
malaria who received the quinacrine therapeutically It was necessary, therefore, 
to administer the first Kohs test when the patients were receiving the drug and 
to retest later, when the patient had ceased taking quinacrine and had been free 
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from the drug for some time A pronounced increase m score would indicate 
that impairment existed when the first test was given 

Familiarity with the procedure, rather than elimination of the toxic agent, 
would then account for some of the improvement on the second test The limita- 
tion was overcome and controlled by measuring the improvement shown by a 
group of normal subjects, persons who did not take the drug and did not have 
malaria The presence of malaria constituted a second factor which might influ- 
ence the results, for it was possible that the malaria might cause a transient 
impairment of mental functioning even though the subjects were afebrile and had 
recovered from the attack when tested A second control group was established 
which was composed of patients who had malaria but who were treated with 
quinacnne in a dose which would be unlikelj' to have an effect on the central 
nervous system Tests on the two control groups yielded similar results, indi- 
cating that the second group was not affected by the small dose of quinacnne, 
as will be seen later The results of the testing of the experimental subjects were 
then analyzed by comparison with the data for the two control groups 

Table 1 — Scotes on Kolis Block Tests fot 30 Conti ol Subjects Who Received 

No Quinacnne 


Difference Difference 



Test 

Retest 

in Score 


Test 

Retest 

in Score 

Number 

Score * 

Score t 

(Mo J 

Number 

Score 

Score 

(Mo) 

1 

13 7 

12 7 

—12 

IG 

12 8 

14 3 

+19 

2 

13 

12 7 

— 6 

17 

1C 

17 8 

+20 

S 

113 

10 11 

— 4 

IS 

13 5 

15 3 

+22 

4 

10 4 

10 2 

— 2 

19 

IS 

19 10 

+22 

5 

20 



20 

18 

20 

+24 

6 

20 



21 

14 2 

ICC 

+23 

7 

20 



22 

17 6 

19 10 

+28 

8 

19 3 

t 


2’ 

13 11 

1C 4 

+29 

9 

93 

90 

+ 3 

24 

15 9 

IS 2 

+29 

10 

17 8 

18 

+ 4 

25 

14 

ICS 

+32 

11 

17 6 

IS 

+ 6 

2C 

12 

14 11 

+35 

12 

123 

131 

+10 

27 

1C 

IS 11 

+35 

13 

112 

12 

+10 

28 

ICC 

20 

+42 

14 

18 11 

20 

+13 

29 

11 4 

14 11 

+43 

15 

14 2 

15 3 

+13 

SO 

15 5 

19 8 

+51 


* Mental age in this table, md m subsequent tables, is expressed in years and months 
t Patients were retested after an interval of sc\cn dajs 

t Subjects who attained very high scores on the first test were not alwajs retested 


A third limitation may have detracted slightly from the accuracy of the experi- 
mental results , but as the effect would be to minimize significant data rather 
than to exaggerate them, it is not of great importance The need for hospital 
beds required that the retests be carried out as soon as possible The subjects 
were retested one week after the cessation of quinacnne therapy, and there were 
indications that the effects of the drug had not disappeared completely by that time 
A small group of subjects and controls were tested for a third time after an interval 
of one month to estimate the significance of the error 
The following groups of subjects were tested 

Group 1 — ^This series consisted of 30 normal subjects They were members 
of the hospital detachment who had never had malaria and had never received 
quinacnne There was an interval of seven days between the two tests The 
series formed the control showing the increase in the score due to familiarity 
when retesting was done after an interval of seven days The results of the testing 
are shown in table 1 Ten subjects were retested a second time, a month after the 
first test was given 
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Group 2 — This series consisted of 27 patients who were treated for malaria 
with quinacnne hydrochloride, 0 1 Gm three times a day for seven days, a total of 
21 Gm The patients were tested on the seventh day of treatment and were 
retested after an interval of seven days Serum quinacnne levels were obtained 
on 26 patients on the sixth, seventh, or eighth day ^ The subjects were all afebrile, 
asymptomatic and ambulatory when tested The series formed a control against 
the possibility that the malaria influenced mental functioning The results of the 
testing are to be found in table 2 

Group 3 — The senes consisted of 31 patients who were treated for malaria 
with quinacnne hydrochloride according to a schedule of 0 3 Gm three times a 
day for three days, followed by a regimen of 02 Gm three times a day for 
three days, making a total dose of 4 5 Gm in six days The patients were tested 
on the sixth day of treatment and were retested after an interval of seven days 
Serum quinacnne levels were obtained on 29 patients some time between the 
fourth and the eighth day (23 patients on the fourth day) The patients were 

Table 2 — Scotes on Kohs Tests joj Conti ol Gioup of 27 Subjects Who Received 
21 Gut of Quinacnne Hydrochlonde tn Seven Days 






Serum 





Serum 




Dilfcr- 

Level, 




Differ 

Level, 




ence 

Micro 




ence 

Micro 




in 

grams 




in 

grams 


Test 

Retest 

Score, 

per 

Num 

Test 

Retest 

Score, 

per 

Number 

Score * 

Score f 

Mo 

100 CeJ 

ber 

Score 

Score 

Mo 

100 Cc 

1 

12 6 

115 

—13 

3 

15 

14-10 

16 4 

+18 

4 

2 

12 3 

114 

—11 

7 

16 

12 7 

14 3 

+20 

4 

3 

14 3 

18 7 

— 8 

3 

17 

14 2 

16 

+22 

4 

4 

14 11 

14 7 

— 4 

3 

18 

11 11 

13 11 

+24 

5 

5 

20 



4 

19 

10 4 

12-9 

+29 

3 

6 

19 8 



5 

20 

13 2 

15 7 

+29 

5 

7 

18 



2 

21 

14 6 

17 

+30 

3 

8 

18 2 



1 

22 

11 6 

14 

+30 

5 

9 

19 6 



3 

23 

13 11 

16 8 

+33 

8 

10 

. 1710 



6 

24 

8-10 

119 

+35 


11 

19 8 



5 

25 

16 6 

19 6 

+36 

8 

12 

15 5 

16 7 

-1-14 

5 

26 

16-7 

19 8 

+37 

6 

13 

12 

13 3 

-U5 

10 

27 

15 7 

193 

+44 

3 

14 

16-5 

1710 

-1-17 

7 







* Patients were tested on the seventh day of treatment 
t Patients were retested after an interval of seven days 
t Serum levels were determined on the sixth, seventh or eighth day 


all asymptomatic and ambulatory when tested This series forms the major experi- 
mental group The results of the testing are to be found in table 3 Ten 
patients were retested a second time, one month after the initial test 

Group 4 — A senes of 10 patients form a subsidiary experimental group, as 
the experiment was interrupted before the series could be completed The 
patients were treated with quinacnne hydrochloride, 0 1 Gm three times a day 
for twelve weeks They were tested during the ninth week of treatment, after 
they had received approximately 17 Gm of quinacnne hydrochlonde Serum 
quinacnne levels were obtained at the time of testing The patients were tested 
again two weeks after the termination of treatment, and five weeks after the first 

5 Determinations of the serum quinacnne level were provided by Capt Roger 
A Lewis, Medical Corps, Army of the United States, and were made by his 
method, which has been well standardized (Lewis, RAJ Lab & Chn Med 
29 1303 [Dec] 1944) 
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test was made The senes of tests was intended to determine whether large 
quantities of qumacrme given in a dosage which did not produce a very high 
serum level could cause toxic symptoms The group is small and will not enter 
into consideration except as the data were used as a further check on the results 


Table 3 — Scores on Kohs Test for Expenviental Group of 31 Subjects Who 
Received 4A Gin, of Qutnacrtne Hydrochloride in Six Days 






Scrum 





Serum 




Differ 

Lciel, 




Differ 

Level, 




ence 

Micro 




ence 

Micro 




In 

grams 




In 

grams 


Test 

Retest 

Score, 

per 

Num 

Test 

Retest 

Score, 

per 

Number 

Score * 

Score t 

Mo 

100 Get 

her 

Score 

Score 

Mo 

lOO Cc 

1 

no 

10-6 

—12 

12 

17 

112 

1211 

+21 

23 

2 

14 4 

13 9 

— 7 

11 

18 

6 

8 

+24 

20 

3 

193 



15 

19 

11 2 

13 5 

+27 

20 

4 

19 



11 

20 

155 

IS 

+31 

20 

5 

10-6 

10-7 

+ 2 

10 

21 

9 6 

12 

+31 

25 

G 

19-8 

20 

-1- 4 

10 

22 

1310 

17 4 

+42 

20 

7 

10-9 

11-0 

-I- 9 

16 

23 

16 

19 10 

-*-46 

18 

8 

17 9 

20 

+27 

10 

24 

15 3 

19 3 

+48 

18 

9 

12 

14-6 

-f30 

10 

25 

12 4 

16-4 

+48 

30 

10 

12 

14 9 

-i-33 

9 

26 

12 5 

16-11 

+54 

18 

11 

11 0 

15 0 

-t48 

12 

27 

10 7 

15 4 

+67 

20 

12 

111 

10 8 

— 6 

25 

28 

13 8 

19 8 

+72 

20 

IS 

95 

910 

+,5 

18 

29 

11 9 

18 

+75 

28 

14 

12 2 

12 10 

-f 8 

20 

30 

20 




15 

19 

19 8 

+ 8 

20 

31 

15 8 

18 6 

+33 


16 

U-4 

12 10 

-fl8 

20 







• Patients were tested on the sivth day of treatment 
t Patients vere retested after an Interval of seven days 

t Serum levels vcrc determined between tho fourth and the eighth day (23 patients on the 
fourth day) 


Table 4 — Scores on Kohs Test foi Subsidiary Experimental Group Who Received 
03 Gin Qumacrme Hydrochloride Daily foi Twelve Weeks 



Number 

Test 
Score • 

Retest 
Score t 

Difference 
in Score, 
Months 

Scrum Level, 
Mlcrograms 
per 100 Cc t 

1 


127 

11 3 

—16 

7 

2 


13 6 

12 9 

— 9 

15 

3 


19 



11 

4 


14 3 

14 6 

+ 2 

7 

5 


17 4 

17 11 

+ 4 

6 

6 


16 7 

17 6 

+11 

10 

7 


15 11 

175 

+18 

9 

8 


1410 

16-7 

+21 


9 


10 6 

12 4 

+22 

8 

10 


76 

10 

+31 

6 


* Patients were tested during the ninth weeL of treatment 
t Patients were retested during the fourteenth week 
t Serum levels were determined during the ninth week 


obtained m the testing of the other groups of patients The results are to be found 
m table 4 

In all groups, subjects who attained very high scores on the first test were 
not always retested, as it was apparent that no measurable deficit had resulted 
from the qumacrme therapy The lapse in technic had no appreciable effect 
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except in group 2, in which the mean increase in mental age on the retest may 
be 1 to 2 months lower than it should be, an error without significance m the 
results of the study 

ANALYSIS OF DATA 

The experimental data concerned with the first three groups will first 
be examined on the basis of the dose of qumacrine and thereafter on the 
basis of the serum qumacrine levels 


Table S — Means for Scores Obtained by Three Groups of Subjects 



Mean Mental Age 

Mean Mental Age 

Meqn Difference 
Between 


Test I, Tr 

Test II, Yr 

Tests, Mo 

Group 1 (no qumacrine) 

161 

16 5 

16 4 

Group 2 (2 1 Gm quinacrine) 

15 0 

16 2 

14 7 

Group 3 (4 5 Gm quinacrine) 

13 4 

15 5 

25 1 


The means for the scores obtained on the tests by each group of 
subjects are given in table 5 

It IS seen that the means for groups 1 and 2 are practically identical 
The means for group 3 differ from those ^or the other two groups, the 
scores being lower on the tests and the difference between the scores 
on the two tests being greater. The difference appears suggestive 
but cannot be considered of statistical significance However, a signifi- 
cant statistical variation between the mean differences in the scores could 
not be anticipated unless a large majority of the subjects who received 
4 5 Gm of qumacrine hydrochloride had shown a pronounced toxic 
effect from the drug An analysis of the distribution of the scores in the 
three groups yields more interesting information 

Chart 1 shows the distribution of the scores obtained on the two 
tests by the subjects in groups 1 and 2 The chart is a scatter graph of 
the mental age levels obtained on the first test plotted against the mental 
age levels obtained on the second test The scatters for the two groups 
are almost identical Chart 2 shows the scatter of the mental ages on 
the test and on the retest obtained by the subjects of group 3 The 
tendency toward a greater increase in the mental age on the retest in 
group 3 than in groups 1 and 2 is apparent Whereas chart 1, com- 
bining the values for 57 patients in groups 1 and 2, shows only 1 subject 
with an increase in mental age of 4 years or more on the retest, 7 of the 
31 patients in group 3 showed an increase of 4 years or more 

The differences in the groups can be seen more easily from the study 
of chart 3 This chart is a cumulative frequency graph which shows the 
percentage of patients in each of the three groups that improved up to 
any given number of months on the retest The curves for the first two 
groups, hke the means and the scatter, are remarkably similar, indicating 
that the presence of malaria and the administration of 2 1 Gm of quin- 
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acniie hydrochloride had no effect on the mental functioning, at least as 
measured by the technic The curve for the patients given 4 5 Gm of 
qumacrme hydrochloride differs Not only do the values for some 
patients fall outside the limits of the curves for group 1 and group 2, 
but there is a generalized shift The diffeiences are summarized m 
table 6 



MENTAL AGE ON RETEST 


Chart 1 — Correlation of mental ages obtained on Kohs block test and on a 
retest after seven days for group 1 (30 subjects, normal controls) and for group 2 
(27 subjects given 2 1 Gm of qumacrme hydrochloride) 

The values for the controls are shown by crosses, those for the patients given 
qumacrme, by solid circles 


Table 6 — Dtstribuhoii of Improved Scores for Three Groups of Subjects 


Increase m Score (Months) 

Group 1 

No 

Quinncrlne, 

Group 2 

2 1 Gm of 
Quinncrlne, 

Group 3 

4 5 Gm of 
Quinaenne, 
Per Cent 

on Ketest of 

Per Cent 

Per Cent 

18 or more 

50 

48 

61 

^4 or more 

37 

37 

55 

30 or more 

20 

26 

45 

36 or more 

10 

11 

20 

42 or more 

10 

4 

29 

48 or more 

3 

0 

23 

54 or more 

0 

0 

13 

60 or more 

0 

0 

6 


An improvement in the mental age of 48 months or more on the 
retest is seen to be decidedly unusual in the controls, whereas 23 per 
cent, or 7 subjects, who received 4 5 Gm of qumacrme hydrochloi ide 
showed such improvement, indicating that it is extremely likely that the 
qumacrme had impaired their mentation when they were first tested 
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The higher percentage of subjects m group 3 that showed large dis- 
crepancies in the results of the two tests suggests that a large proportion 
of the group experienced some impairment due to the drug Group 3 
IS obviously not a pure group, that is, some subjects seemed to have 
suffered from the toxicity of the quinacrine and others not This might 
be antiapated, as it was apparent clinically that the dose could not be 
higher than that bordering on the toxic 

If the hypothesis is accepted tentatively that the tests indicate that a 
dose of 4 5 Gm affected some subjects and not others, several expla- 
nations may be offered Theie may have been differences in absorption 
or excretion, with variations m serum levels, or differences in indi- 
vidual sensitivity , or other factors, such as spinal fluid levels, may have 



Chart 2 — Correlation of mental ages on Kohs block test for group 3 (31 sub- 
jects) tested on the sixth day of treatment with 4 5 Gm of quinacrine hydro- 
chloride and retested after seven days The group is subdivided into subjects 
with high (18 micrograms per hundred cubic centimeters or more) and subjects 
with low (less than 18 micrograms per hundred cubic centimeters) serum quina- 
cnne levels 

The values for the subgroup with higher serum quinacrine levels are shown 
by crosses , the values for the subgroup with lower serum quinacrine levels, by 
solid circles, and no determination of the serum quinacrine level is shown by a 
hollow circle 

to be taken into consideration Analysis of the serum levels not only 
gives further information but tends to confirm the efficiency of the 
technic 


ANALYSIS OF DATA ACCORDING TO SERUM LEVELS 

The compilation of data according to the quinacrine dose is an 
arbitrary procedure which is based on the knowledge, gained from a large 
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group of patients, that given schedules of therapy tend to produce serum 
qumacrme levels within certain limits There is considerable variation 
in the serum levels in different subjects under the same regimen of 
treatment It seems well to attempt to correlate the results of the mental 
testing with the measure of the toxic agent in the circulation 

Serum quiiiacrine levels were obtained on 26 of the 27 subjects in 
group 2 on the sixth, seventh oi eighth day It is Icnown tliat there 
IS little variation in serum levels duimg the last days of the course of 
treatment The serum levels vaiied from 1 microgram (0001 mg) to 
10 micrograms (0 010 mg ) pei hundred cubic centimeters, with a mean 
level of 4 7 micrograms (0 0047 mg ) per hundred cubic centimeters 
As the results of the mental tests showed no toxic effect, it is highly 



Chart 3 — Cumulative frequency graphs comparing the mental age scores for 
group 1 (normal controls), group 2 (patients receiving 2 1 Gm of quinacnne 
hydrochloride) and group 3 (patients receiving 4 5 Gm of quinacnne hydrochlo- 
ride) These curves show the percentages of subjects in each group who showed 
improvement up to any given number of months of mental age on the retest 
The greater the improvement on the retest, the more likely that impairment 
existed when the first test was given 

The curve for group 1 is shown by a medium heavy line , tlie curve for group 2, 
by a light line, and the curve for group 3, by a heavy line 

probable that these levels are not toxic to human subjects A further 
check was made by dividing the group into upper and lower halves, 
13 patients having serum levels above the mean and 13 patients below 
The mean increment in score between the tests for the 26 subjects was 
13 9 months The 13 patients with serum levels below 47 micrograms 
per hundred cubic centimeters had a mean increase of 10 6 months, 
whereas the 13 patients with the higher Serum levels had a mean increase 
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of 17 2 months on the retest Although this may indicate that the 
patients with the higher serum quinacrme levels may have had a slight 
toxic effect from the drug, the difference is well within the limits of 
experimental error The mean increase m the score of 17 2 months is 
approximately the same as that shown by the controls m group 1 

Serum quinacrme levels were obtained on 29 of the 31 subjects in 
group 3, who had received 4 5 Gm of qumacrine hydrochloride The 
levels were obtained between the fourth and the eighth day, for 23 of 
the 29 patients on the fourth day Although these data are not as 
satisfactory as though the serum levels had been obtained at the time 
of the mental testing, it is known that the serum level remains rela- 
tively constant between the fourth and the eighth day under this thera- 



Chart 4 — Cumulative frequency graphs comparing curves for the mental age 
scores for two subgroups of group 3 (patients given 4 5 Gm of qumacrine hydro- 
chloride) having serum qumacrine levels above (heavy line) and below (medium 
line) 18 micrograms per hundred cubic centimeters, respectively, and a normal 
curve (light line) constructed by combining the scores for groups 1 and 2 

peutic regimen The serum levels varied from 9 to 30 micrograms per 
hundred cubic centimeters, with a mean level of 18 2 micrograms per 
hundred cubic centimeters Eleven patients had levels of less than 
18 micrograms per hundred cubic centimeters (actually 15 micrograms 
or less), and 18 patients had levels of 18 micrograms per hundred cubic 
centimeters or above The mean increment m mental age on the retest 
for the entire 29 patients was 25 7 months The 11 patients with the 
lower levels showed a mean increase of 12 4 months, whereas the patients 
with the higher levels showed a mean increase of 33 9 months on the 
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retest The difference between the means is 21 5 months, a difference 
which verges on being statistically significant 

Examination of chart 2 shows the difference m scatter in the two 
subgroups of group 3 It is seen that 6 of the 7 patients who showed an 
increase in mental age of 48 months or more on the retest had high 
seium levels, and the tendency for the subjects with high serum levels 
to show the greater increases in score is appaient Chart 4 shows the 
cumulative frequency curve for the subjects m group 3 with serum levels 
of 18 micrograms per hundred cubic centimeters or more, contrasted 
with a curve foi the subjects with the lower levels and with a curve for 
the controls, groups 1 and 2 combined The curve for the subjects with 
the lower levels runs close to the control curve, whereas the curve for 
the subjects with the higher serum leiels runs a widely separated 
course, as summarized in table 7 


Table 7 — Dtsfnbuhon of Imptovcd Scotcs for Subjects with Sciiim Qntiiacrine 
Levels Above and for Those Below IS Mtcrograms per 
Hundred Cubic Centmeters 


Increase in Score 
on Eetest of 

Combined 
Controls 
(Groups 1 and 2) 
57 Patients, 
Per Cent 

Serum Levels 
Below 18 
Mierograms 
per 100 Cc , 

11 Patients, 
Per Cent 

Scrum Levels 18 
Jlicrograms 
per 100 Cc 
or Above, 

IS Patients, 
Per Cent 

18 or more 

49 

36 

88 

24 or more 

37 

so 

77 

30 or more 

23 

27 

66 

36 or more 

11 

9 

44 

48 or more 

2 

9 

33 

54 or more 

0 

0 

22 


Although It IS apparent that not all subjects with serum qumaerme 
levels of 18 micrograms per hundred cubic centimeters or higher show 
definite toxic effects on mentation, it is seen that the “impurity” of 
the curve for the entire group 3, as shown in chart 3, has been clarified 
to a large extent by the division of the group according to serum levels 
The results of the testing of these small groups of patients indicates 
fairly definitely that, whereas serum qumaerme levels of 18 micrograms 
per hundred cubic centimeters and above are likely to result in toxic 
impairment of mentation that is measurable, levels of less than 18 micro- 
grams per hundred cubic centimeters appear to be unlikely to cause 
impairment of any measurable proportions 

It was assumed in the experimental procedure that if toxic effects of 
qumaerme were found they would have cleared by the time of the retest- 
ing, seven days after the cessation of qumaenne therapy The amount 
of the drug in the serum had fallen to a negligible level by this time 
There is some evidence, which needs further checking, that the toxic 
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influence of the drug does not completely disappear so rapidly ,This 
may be due to the deposition of the qumacnne in the cells or m the 
spinal fluid or to injury to the cells Ten subjects were retested a 
second time one month after cessation of treatment The subjects were 
selected for retesting because they had not shown a mental age on the 
second test which was as high as had been anticipated from measuring 
the intelligence n ith a vocabulary test The rationale for this assumption 
will not be discussed here, as it is extraneous to the experiment, but 
a discussion of the problem may be found elsewhere® Ten control 
subjects from group 1 were also tested for a third time The controls 
showed a mean increase in score of 9 7 months between the first and 
the second retest, whereas the subjects who had received 4 5 Gm of 
qumacnne hydrochloride showed a mean increase m mental age of 
23 2 months The difference is sufficient. to indicate that the results 
of the experiment may have been somewhat more significant if the retest- 
ing had been carried out at a longer interval after cessation of qumacnne 
therapy 

The data on group 4, which consisted of the 10 patients who had 
received 0 3 Gm of qumacnne hydrochloride daily foi nine weeks before 
being tested, will not be analyzed m detail, as the gioup is too small 
However, the results afford a check on the mam experiment Serum 
qumacnne levels were obtained on 9 patients at the time of testing The 
serum levels ranged from 6 to 11 micrograms per hundred cubic centi- 
meters, with a mean level of 8 8 micrograms per hundred cubic centi- 
meters The difference between the mental ages on the test during the 
ninth week of treatment and the retest, five weeks later, ranged fiom 
— 16 to 31 months, with a mean of 7 months The results are com- 
patible with those obtained for the control groups The lesser mean 
difference may be due to chance but more probably is to be explained 
by the fact that the retesting was carried out five weeks after the original 
test instead of just one week later, as in the control groups, a condition 
which lessened the importance of the learning factor This incomplete 
experiment indicates that the total dose of qumacnne is not a significant 
factor, for these patients had received over 17 Gm of the drug when 
they were first tested It tends to substantiate the evidence that levels 
below 15 micrograms per hundred cubic centimeters do not cause 
measurable impairment of mental functioning 

COMMENT 

The experiment which is reported was originally planned as a pre- 
liminary procedure to test the method as w’^ell as the impression gained 
clinically that some patients who were being treated with massive 
amounts of qumacnne exhibited impairment of mental functioning The 
fortunes of war interrupted further experiments in which the slight diffi- 
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culties m methodology were corrected and precluded the possibility that 
we sliould be able to carry the investigations to a more definitive termi- 
nation The results of the preliminary investigation appear sufficiently 
decisive to indicate that the technic is satisfactory and to provide addi- 
tional knowledge of the toxicity of qumacrme for human beings 

The technic appears satisfactory, as tests on two separate control 
groups yielded almost identical lesults, whereas the scores for the 
experimental group, in which there was reason to believe, a pi ion, that 
the efficiency of mental functioning declined, indicated that some patients 
suffered such impairment 

A comparison of the data assembled indicates that the conventional 
qumacrme dose of 2 1 Gm given m seven days does not exert a toxic 
effect on mental functioning but that 4 5 Gm given m six days is likely 
to cause impairment which occasionally is rather pronounced Further 
analysis of the data suggests strongly that there is a relationship between 
the serum qumacrme level and the deterioration of intellectual function- 
ing Tests on the group of subjects with serum qumacrme levels of 
18 micrograms (0 018 mg ) or more per hundred cubic centimeters 
yielded results which were definitely abnormal, whereas all groups of 
subjects with low'er seium levels gave results which closely approximated 
those for the control group which received no qumacrme 

The study w'as motivated by the desire to clarify the problem of the 
qumacrme psychoses The bulk of the psychoses wdnch were observed 
on this island occurred during or after the administration of qumacrme 
111 a dosage which was much heavier than that employed in conventional 
therap) It is seen that a dosage which is sufficient to produce high serum 
qumacrme levels causes impairment of thinking which is at times con- 
siderable As toxic psychoses are accompanied with, and perhaps caused 
by, mental confusion, it is to be anticipated that amounts of qumacrme 
w^hich cause pronounced intellectual impairment wull occasionally pro- 
duce confusion sufficient to cause behavioral abnormalities However, 
cases in wdnch qumacrme psychoses followed conventional therapy have 
been reported and have been seen on this island, though extremely rarely 
The etiologic factor in these cases has not been elucidated It is possible 
that the patients have an idiosyncrasy to the drug and become confused 
even wdien the serum level is low How^ever, it is known that a rare 
subject wull have a serum level in the neighborhood of 18 micrograms 
per hundred cubic centimeters after the administration of 0 3 Gm of 
qumacrme hydrochloride for six or seven days It is possible that it 
IS these subjects, who vary from the normal m rates of absorption and 
excretion, who may become psychotic on treatment with a conventional 
dose This matter, which is of interest to the problem of idiosyncrasy 
to drugs m general, cannot be decided until serum levels can be deter- 
mined for such patients 
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The experimental results confirm the clinical impressions concerning; 
the toxicity of qumacrme Although quinacrme is toxic to the cential 
nervous system, there is a wide margin of safety, and it is unlikely to 
exert any toxic effect whatever on the mental processes when given in 
conventional doses If the experiences on this island are confirmed 
elsewhere, the risk entailed in producing very high serum levels is 
unnecessary, for the efficacy of qumacrme is not increased by such a 
method of treatment 

SUMMARY 

A method of detecting and measuring the toxic influence of drugs on 
mental activity by means of the Kohs block test is presented, and the 
lationale of the procedure is discussed The technic was applied to the 
study of the toxicity of qumacrme (atabrine) because the most signifi- 
cant toxic effect of the drug, as seen m the treatment of many thousands 
of patients for malaria, was the occurrence of toxic psychoses A pre- 
liminary experiment was carried out in the determination of the dose of 
qumacrme which is toxic to the central nervous system The results 
indicate that qumacime given m a conventional dosage of approximately 
2 1 Gm m seven days causes no toxic effect, but when 4 5 Gm is 
given in six days a number of subjects show impairment of mental 
functioning Correlation of the results of the mental testing with serum 
qumacrme levels indicates that serum levels above 18 micrograms 
(0 018 mg ) per hundred cubic centimeters tend to be toxic, whereas 
subjects with lower serum levels showed no deviation m intellectual 
functioning from that of normal controls who had received no qumacrme. 
The toxic levels are rarely found in patients treated conservatively. 
The experimental results are in accord with the clinical observations that 
toxic psychoses rarely occur except when massive qumacrme dosage is 
employed and that, while a fair number of patients receiving massive 
doses complain of feeling confused or intoxicated, patients under con- 
servative treatment rarely present such complaints 

The results of the study of qumacrme toxicity suggest that the 
method evolved offers a new means of studying the effect of drugs on 
mental activity and of defining the optimal dosage when the effect on. 
cerebration is important 

Henry Phipps Psychiatric Clinic, Baltimore 



RING SCOTOMA AND TUBULAR FIELDS 

Their Significance in Cases of Head Injury 
COMMANDER M B BENDER, MC(S), USNR 

AND 

PHARMACIST'S MATE THIRD CLASS H L TEUBER USNR* 

I N EVALUATING a patient’s complaints, one is always confronted 
with the question whether the symptoms are “organic” or “psycho- 
genic ” If there is a histoiy which is typical of a well defined syndrome 
or if a lesion can be demonstrated, the symptoms are accepted ?s 
organic However, if the patient manifests signs of increased emotional 
tension or if the symptoms and signs are “atypical” or inconsistent or 
do not follow well known organic patterns they aie often considered 
psychogenic Sometimes there is a combination of the two types 

In either instance the symptoms are due to a disorder in function 
The patient’s reactions in the case of an organic disorder are just as 
functional as in the case of a neurosis The difference between the 
two lies in the origin of the functional disorder and in the manner 
in which the symptoms mamfest themselves Nevertheless, close 
analysis will reveal that in many instances apparent hysterical reactions 
follow consistent and specific physiologic patterns, and in such cases it 
may be difficult to differentiate the organic from the psychogenic 
syndrome 

In the course of an investigation of perceptual changes in a large 
group of patients with battle injuries of the brain, visual disturbances 
were noted in a considerable number of cases ^ In 1 case a so-called 
ring scotoma, combined with an occasional tendency toward concentric 
contraction of the monoculai and binocular fields, was discoveied 

From the United States Naval Hospital, San Diego, Calif 
* Formerly of the Department of Psychology, Harvard University 
This article has been released for publication by the Division of Publications 
of the Bureau of Medicine and Surgery of the United States Navy The opinions 
and views set forth in this article are those of the writers and are not to be con- 
strued as reflecting the policies of the Navy Department 

1 (a) Bender, M B , and Furlow, L T Phenomenon of Visual Extinction 
in Homonymous Fields and Psychologic Principles Involved, Arch Neurol & 
Psychiat 53 29-33 (Jan ) 1945 (b) Bender, M B , and Teuber, H L Phe- 
nomena of Fluctuation, Extinction and Completion Associated with Visual 
Perception, ibid 55 627-658 (June) 1946, (c) Nystagmoid Movements and Visual 
Percepbon Their Interrelation in Monocular Diplopia, ibid, 55 511-529 (May) 1946 
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Such visual disturbances have been considered by many authorities as 
psychogenic, even in cases of head injuiy, if pathologic changes in the 
retina itself could not be demonstrated- Evidently, this functional 
interpretation was prompted by the fact that these field defects could 
not be explained on a neurophysiologic basis But, for the same reason, 
this class of changes, comprising contracted fields, shifting fields, fields 
with spiral contour and ring scotomas, has become a domain of 
unlimited debate in the literature Some of the reported observations 
and interpretations on this subject are reviewed m the following section 

PREVIOUS OBSERVATIONS 

Tubulai Fields — Concentrically contracted fields were originally 
interpreted as arising always from actual disease of the peripheral 
organ Von Graefe,^ m 1865, conceived of anaesthesia retinae, which 
appeared on perimetric examination as absolute blindness in the pei iphei y 
of the field Although he recognized hysteria as the principal causative 
factor, he insisted on localization of the “disease” to peripheral zones 
of the retina, mainly because he was able to produce pressure phosphenes 
111 the presumably blind regions of the field Since these phosphenes 
arise directly in the optic nerve, he concluded that the anesthesia must 
be in the retina 

It was soon pointed out that hysterical fields were often chai actenzed 
liy inconsistency from one examination to another and by sudden, and 
yet fiequently transitory, improvements Moreover, patients with con- 
centrically contracted fields were, nevertheless, in most instances well 

2 On theoretic grounds, there is an obvious reason for grouping ring scotomas 
with other unusual field defects, such as shifting and spiral fields and concentrically 
contracted, or “tubular,” fields, and for declaring all these changes to be psycho- 
genic The common denominator of all these fields is found in the fact that none 
of them can be interpreted in terms of accepted ideas of cortical representation 
of visual function The usual field defects produced by focal injury to the brain 
correspond closely in shape, extent and location to the shape, extent and location 
of the injury to the optic pathway or radiation Ring scotomas and contracted 
fields, on the other hand, obviously are not produced by nng-shaped or concentric 
lesions m the visual substrate If their “organic” causation could be accepted in 
certain cases, they would seem to negate the wealth of evidence which has been 
accumulated, particularly since World War I, in favor of a topologic representa- 
tion of the retina on a “cortical retina” (Kluver, H Visual Disturbances After 
Cerebral Lesions, Psychol Bull 24 316-358 [June] 1927) However, there 
arc serious doubts whether the evidence for topologic representation should neces- 
sarily be interpreted as point for point correspondence in a functional sense More 
recentlj, departures from point for point correspondence, even in cases of clear- 
cut organic hemianopsias and quadrantanopsias, have been demonstrated 

3 von Graefe, A Vortage aus der v Graefeschen Klinik, zusammengestellt 
iind niitgetheilt von Dr Engelhardt, Klin Monatsbl f Augenh . 1865, p 265 
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oriented in space and quite adequately avoided obstacles and moving 
objects in then peiipheral fields Their contracted fields seemed to 
exist primarily duiing perimetric measurement Wilbrand and Saenger ■* 
therefore assumed that the constriction was produced by a temporary 
central depression of visual activity, viz, a corticofugal inhibitory 
influence on the processes of assimilation in the periphery of the retina 
To indicate the fleeting character of many of these disturbances, they 
introduced the term “central fatigue” Von Bechterew,® however, 
again (in 1894) made the assumption that there was hypesthesia of 
the retina, produced by local anemia of its peripheral zones 

In the same year, Janet® formulated the strictest “functional,” and 
hence central, interpretation of these phenomena For him, tubulai 
fields were the hysterical symptom pa7 excellotce They inform the 
examiner of the patient’s basic weakness of self perception, which, in 
turn, leads to an inability to relate impressions to the perceiving self 
While this theory might be given a truly physiologic meaning, it was 
ividely interpreted as though some form of weakened attention were 
responsible for the contraction of the fields of vision In order to 
disprove such theoiies of attention Khen,'^ m 1907, compared the 
perimetric fields obtained from frankly psychotic patients, deteriorated 
epileptic patients and delirious alcoholic persons, on the one hand, 
with tubular fields of hysteria on the other The outlines of the 
fields of the psychotic subjects — ^presumably influenced by fleeting 
attention — were found to be characteristically “jagged,” while the fields 
of hysterical patients always showed a smooth, concentric contraction 
Khen’s own attempt to explain such tubular fields was virtually in terms 
of simulation, he stated, in effect, that the hysterical peison is imbued 
with the geneial idea, “I am ill”, during perimetric examination this 
preoccupation manifests itself as “I can’t see ” 

After the gamut of theories of causation, ranging from peripheral 
to central, and from metabolic disturbance to simulation, had been 
exhausted. World War I brought cases which to Goldstein ® seemed 
to show without doubt that tubulai fields could be the direct result of 

4 Wilbrand, H , and Saenger, A Ueber Sehstorungen bei funktionellen 
Nervenleiden, Leipzig, F C W Vogel, 1892 

5 von Bechterew, W Ueber die Wechselbeziebung zwisclien der gewohn- 
lichen und sensoriellen Anasthesie, Neurol Centralbl 13 252-297, 1894 

6 Janet, P &at mental des hystenques, Pans, Rueff & Cie, 1894 

7 Klien, H Ueber die psychisch bedingten Einengungen des Gesiclitsfeldes, 
Arch f Psychiat 42 359-450, 1907 

8 (a) Goldstein, K Die Lokalisation in der Grosshirnnnde, in Bethe, A , von 
Bergman, G , Embden, G , and Ellmger, A Handbuch der normalen und 
pathologischen Physiologie, Berlin, Julius Springer, 1927, vol 10, p 600, (&) Con- 
striction of Visual Fields, Arch Neurol & Psychiat 50 486-487 (Oct) 1943 
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well defined lesions (gunshot wounds) of the brain, particularly the 
occipital lobes He also made an observation of considerable practical 
importance Concentric^ contraction of truly “organic” origin may be 
found with the tangent screen but not on perimetric examination 
The physiologic basis of these phenomena was tentatively described by 
Goldstein as an abnormal fatigability of the central visual substrate 
According to him, the reduced excitability of the visual substrate is 
generalized, involving the entire occipital cortex, and even other parts 
of the brain He stressed that the concentric contraction is not due 
to a topologically corresponding lesion Because of the normal physio- 
logic inferiority of the more peripheral parts of the field of vision, he 
stated that the periphery is hardest hit during a general depression of 
visual function, thus yielding a tubular field 

ShfUng and Spiral Fields — In plotting tubular fields, Forster dis- 
covered (according to Konig ®) that the field was always smaller when 
the centrifugal motion of the target along any meridian was reversed 
and the target moved across the center and back toward the periphery 
This shifting of the boundaries of the visual field (Forster’s shift type) 
was considered as a means of differentiating “genuine traumatic neu- 
rosis” fiom malingering It was attributed sometimes to retinal, some- 
times to central, fatigue However, it soon became evident that a 
similar shifting could be obtained with this form of perimetry for 
normal fields, although the extent of the difference between the 
boundaries obtained on centripetal and on centrifugal motion of the 
target was much less pronounced than with pathologic fields The 
shifting itself seemed clearly related to the difference in threshold values 
found in any experimentation on psychophysical thresholds Thus, 
there is always a discrepancy between measurements taken with an 
ascending senes of intensities, which somewhere cross the visual 
threshold, and results obtained from a descending senes, which starts 
above the threshold and is giadually made to fall below it However, 
the exaggerated shifting in pathologic fields seemed to require an 
explanation In the literature, this was attempted on the basis of two 
factors inattention (fluctuation of the attention®) and retinal fatigue^ 
Inattention can be excluded on the basis of IClien’s results For 
shifting fields the theory of fatigue seems comparatively more appropriate 
because in many cases it may be found that the effects which lead to 
the shifting” in the field of vision become cumulative — a characteristic 
of ph)’^siologic fatigue That is, every time the target is reversed and 
directed toward the periphery on the opposite side, it disappears there 

9 Konig, O Em objectives Krankheitszeichen der traumatischen Neurose, 
Berl khn Wchnscbr, 28 774-778 1891 
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soonei, or at a point which is a few degrees closer to the center If 
meridian after meridian is thus tested, the contraction will appear to 
increase continually, and the total outline of the field will present the 
picture of an “exhaustion curve” (Wilbrand and Saenger), frequently 
a spiral 

Ring Scotomas — It was Goldstein^® who first pointed out that 
the obscure phenomenon of ring scotoma may be closely related to that 
of oscillating (shifting) fields and to concentrically contracted fields, 
as found in patients with organic disease With the collaboration of 
the psychologist Gelb, he analyzed 6 cases of ring scotoma m battle 
casualties of World War I In contrast to all previous investigators, 
who attributed ring scotomas either to hystena or to specific lesions of 
the retina, Goldstein assumed a central causation Although he couched 
his explanation in terms of cortical “fatigue,” it is evident from his 
case reports that fatigue m his sense is directly related to mode, 
intensity and duration of excitation in the visual organ He observed 
that with slow inward motion along every meridian a target disappears 
aftei it has reached a certain zone (Goldstein found on the average a 
zone extending 60 to 40 degrees from the center) This he explained 
111 terms of “fatigue ” However, with continued centrifugal motion the 
greater excitability of the central region of the field comes into play 
and the target becomes visible again, thus yielding a nng scotoma 
Investigation during the period between the two wars apparently did 
not continue along the lines suggested by the approach of Goldstein and 
Gelb From the inclusive review of literature by Strauss and Savitsky 
on head injuries, m 1934,^^ it appears as though ring scotomas in cases 
of injury to the brain were still attributed rather dogmatically to hys- 
teria, or to such conditions as concurrent commotio retinae 

10 (a) Gelb, A , and Goldstein, K Ueber Gesichtsfeldbefunde bei abnormer 

“Ermudbarkeit” des Auges (sog “Ringskotome”), Arch f Ophth 109 387-403, 
1922 (6) Goldstein, K After-Effects of Brain Injuries in War, New York, 

Grune & Stratton, Inc, 1942, (c) footnote 8a 

11 Strauss, I , and Savitsky, N Head Injury Neurologic and Psychiatric 
Aspects, Arch Neurol & Psychiat 31 893-955 (May) 1934 

12 This was done in spite of the rarity of clearcut ring scotomas, even in 
cases of disease processes localized to the retina and the optic nerve Thus, 
Nicoletti (Sul comportamento e significato clinico della scotoma anulare nelle 
affezioni delle membrane interne dell’occhio e del nervo ottico, Ann di ottal e 
clin ocul 54 879-924, 1926) found only 33 instances of ring scotoma among 
10,000 cases of disease of the eye and classified the defect as due to retinitis pig- 
mentosa, syphilitic chorioretinitis, myopia, injury to the eye, glaucoma and optic 
neuritis Langdon (Ring Scotoma, in Contributions to Ophthalmic Science, 
Dedicated to Dr Edward Jackson, in Honor of His Seventieth Birthday, March 
30, 1926, Menasha, Wis , George Banta Publishing Company, 1926, p 274) added 
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Strauss and Savitsky reported 2 cases of their own, which are of 
interest because the ring scotomas (unilateral in the first case and 
bilateral in the other) were found only on the tangent screen Although 
the symptoms followed severe trauma to the head m each case, the 
authors were inclined to assume the existence of a “functional factor” 
for at least 1 of their cases On retesting the fields of their patients two 
to four weeks after the original tangent screen studies had been made, 
they found that the unilateral scotoma m the first case “was beginning 
to break up into islets of absence of vision ” In the second case the 
fields appeared greatly contracted bilaterally “The narrowing of the 
fields was so marked that it overlapped the site of the annular scotomas ” 
Evidentally, on reexamination the iing scotoma had been replaced 
by a tubular field 

In view of the fact that the majority of the authors have regarded ring 
scotomas and tubular and spiral fields as psychogenic, we endeavored 
to investigate the nature of the complex functional disorder by subjecting 
our patient to a senes of special examinations In our group of patients 
with injuries of the brain, it was noted that the introduction of psycho- 
physiologic procedures often made it possible to understand even seem- 

commotio retinae, migraine, disease of the nasal sinuses and solar retinitis as 
causative factors Ring scotomas attributed to hysteria were reported earlier by*^ 
Wolfflin (Ueber ein seltenes Gesichtsfeldsymptom bei Hysteric, Arch f Augenh 
65 309-312, 1910) and de Schweinitz (The Relation of the Visual Fields to the 
Investigation of Certain Psychoses and Neuroses, Univ Pennsylvania M Bull 
22 282-294 [Dec] 1910), cited by Strauss and Savitsky Loddoni (Sur un cas 
de scotome annulaire par la quinine, Ann d’ocul 166 733-742, 1929) described 
a case of ring scotoma following quinine poisoning, and LeBlond (Un cas de 
scotome annulaire bilateral d’origine traumatique, Ann d’ocul 161*740-741, 1924) 
reported cases of bilateral ring scotomas following head in 3 ury Only compara- 
tively few case reports have been added during the last ten years Macular 
burning was recently shown to be responsible for ring scotoma (Loewenstein, 
A, and Steel, J Macular Burning and Ring Scotoma, Glasgow M J 135 
73-85 [March] 1941) Krimsky (Symmetric Incomplete Annular Scotoma of 
Tobacco Origin Without Enlargement of Blind Spot, Am J Ophth 17 722-725 
[Aug ] 1934) reported a case of ring scotoma associated with tobacco amblyopia 
Other cases were recorded by Borsello (Ring Scotoma in Disturbances of Optic 
Nerve Due to Arachnoiditis, Rassegna ital d’ottal 9 101-137 [Jan -Feb] 1940), 
m which the scotoma resulted from arachnoiditis , by Meyerbach and Loewen- 
berg (Bilateral Ring Scotoma of Five Years’ Duration, Arch Ophth 22:674- 
678 [Oct ] 1939) (in which the cause was undetermined) , and by Callahan 
(Annular Scotoma, Am J Ophth 24 196-199 [Feb ] 1945) Lillie and Adson 
(Unilateral Central and Annular Scotoma Produced by Callus from Fracture 
Extending into Optic Canal Two Cases, Arch Ophth 12.500-508 [Oct] 1934, 
Tr Sect Ophth , A M A , 1934, pp 90-99) described 2 cases of unilateral cen- 
tral and annular scotoma due to callus from fracture extending into the optic 
canal 
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ingly bizarre complaints The pathologic modifications in visual 
function 'were therefore studied by a combination of available clinical 
methods and technics of the psychologic laboratory Perimetry and 
tangent screen tests were thus supplemented with tachistoscopic exam- 
inations and with studies of after-imagery, perception of movement, 
color, depth and apparent size Various tests of relative and absolute 
localization in visual space were made Thresholds for fusion of flicker 
were computed for different degrees of eccentricity from the macula 
In addition, the patient’s reports were recorded verbatim and drawings 
obtained whenever possible (this qualitative material could be used 
rather safely in cases in which the damage to the brain was limited and 
in which the possibility of simulation and of gross forms of hysteria had 
been excluded) In the case reported here this triad of neurologic, 
psychophysiologic and “phenomenologic” methods was applied through- 
out 

RLPORT or A CASE 

A water tender third class, aged 28, sustained multiple injuries from shrapnel 
and concussion, on Oct 25, 1944, while he was engaged in fighting fires within 
a closed compartment of hts ship He was stunned but presumably not unconscious 
There was immediately a deafemng ringing in his right ear, but he did not notice 
any phosphenes or other visual disturbances Although his left hand seemed 
to him “stiff” and unmanageable, he was able to use all extremities m going 
over the side of his own vessel and in climbing over a cargo net aboard another 
ship which was standing by There it was found that he had wounds in his 
right arm, his right thigh and leg and the lower part of his left leg The left 
ear drum was red and torn, and the ear was draining This discharge stopped 
spontaneously twelve days after the injury Above the ear, in the right temporal 
region, there was a scalp wound, which (two months later) proved to be a 
compound fracture of the skull, close to the midpoint of the temporoparietal 
suture 

For the first two months after the injury treatment was concentrated on the 
patient’s leg wounds, which ran an irregular septic course Repeated surgical 
intervention was necessary for the removal of foreign bodies from the right tliigh 
The existence of an intracranial injury was established, when the patient’s com- 
plaints of severe temporofrontal headaches and difficulties (pain) in closing his 
jaw persisted, even after the small wound in the scalp above the right ear 
had healed Roentgenographic studies on Dec 18, 1944 showed evidence of 
depression of the fracture near the temporoparietal suture and some indnven 
fragments of bone, but no foreign body A radiolucent shadow anterior to the 
coronal suture in the right lateral view suggested originally (on December 18) an 

13 Psychophj'siologic methods require such strict internal consistency of the 
patient s reports that simulation or crude forms of hy steria could soon be recog- 
nized as such Nevertheless, patients with presumably psychogenic complications 
were not simply dropped from the series but were studied in exactly the same 
fashion as those with “purely organic” conditions This was done in the hope of 
determining the extent of similarity' or dissimilarity which may exist between 
the visual disturbances in the so-called post-traumatic neuroses and those visual 
difficulties which result directly from cerebral trauma 
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additional fracture of the skull just above the right orbit However, on repeated 
roentgenographic examinations (up to Sept 19, 1945) the latter area of diminished 
density could not be definitely identified (fig 1) 

On Jan 4, 1945 a decompression of the skull fracture was performed Since 
the patient continued to complain of pain in the head and the right side of the face, 
even after the decompression, further studies to determine the cause of the pain 
were made Roentgenograms of the maxilla, zygoma and paranasal sinuses 
revealed no abnormalities There was no clinical evidence of sinusitis 

Further neurosurgical intervention was not indicated, since neurologic examina- 
tion on January 30 showed an essentially normal status except for homonymous 
defects m the visual fields on the left, defective hearing in the right ear^^ and 
diminished pam sensation over the left side of the body The last defect, however, 
could be demonstrated only on application of simultaneous double, stimulation to 



Fig 1 — Roentgenogram of the skull, revealing an old defect in the right 
temporoparietal region 

corresponding parts of the right and the left half of the body^^ The facial pam 
was finally considered to be due to a disorder in the function of the temporo- 
mandibular joint 

This pam, together with recurrent headaches, some dimming of vision and 
pionounced loss of hearing in the right ear, continued to be the patient’s outstand- 
ing complaints These symptoms were unchanged when he was seen again, one 
month after his discharge from the service 

I 

PSYCHOMETRIC AND PERSONALITY STUDIES 

Special psychometric and personality studies were made on Feb 5, 1945 
bj Lieut (jg) J W Diamond She reported the following results On the 

14 On the audiogram, the hearing loss in the right ear amounted to 20 to 30 
decibels for the lower frequencies, with a drop to 50 decibels in the highest range 
of frequencies The fundi were normal, and the patient showed no signs of myopia 

15 Bender, M B Extinction and Precipitation of Cutaneous Sensations,. 
Arch Neurol & Psychiat 54 1-9 (July) 1945 
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Wechsler-Bellevue adult intelligence scale the verbal intelligence quotient was 
111, the performance intelligence quotient 98 and the Ml scale intelligence quotient 
105 The intellectual level was average No difficulty in calculation existed 
Memory for repeating digits forward was found to be superior (eight digits), 
but when the patient was asked to reverse the order he was unable to go beyond 
a series of four With performance items, the patient did not do as well as 
on the verbal scale, but his ability in reproducing block designs and in assembling 
objects was on his average level The Benton visual retention test^® revealed 
no deficiency (the patient reproduced correctly 7 designs out of a total of 7) 
The Shipley Hartford scale gave him a superior vocabulary but only dull normal 
thinking ability, “with a conceptual quotient indicative of intellectual impairment” 
On the Hunt-Minnesota test for organic damage to the brain, the discrepancy 
between expected score and actual score in learning paired words and paired 
designs was “extreme, and suggestive of diffuse organic disease of the brain 
(T score 82) ” The Rorschach record, finally, was considered to be within normal 
limits, with none of the signs which arc presumably pathognomonic of severe 
organic (post-traumatic) change The only deviant trend was a tendency to 
pick out unusually minute details for interpretation, which, it was felt, reflected 
“an obsessiveness or meticulousness of personality ” 

Six months later, when he was retested with some of the tests which had 
yielded results outside of “normal” limits on the first trial, it was found that 
there was no longer any discrepancy between the expected score and the obtained 
score in the Hunt test Retesting with specific subtests of the Wechsler-Bellevue 
scale indicated that all intellectual abilities were now on a fairly even average 
level, without any significant disparities The psychologist noted, however, that 
the patient, though cooperative, was rather tense throughout the testing procedure 
“He manifested a rigid, inflexible approach to the various tasks set before him and 
became upset with any feeling of pressure or with any hint of failure It vas 
noted that he either performed very efficiently or became totally lost and unable to 
function at all For instance, he would learn tlie paired words well, then make 
one error and become completely confused His general attitude was uncom- 
promising and perfectiomstic, and he showed unusual extremes m efficiency, 
which depended not on the type of the mental tasks but, apparently, on the feeling 
of pressure or impending failure.” These psychologic reports are of interest, 
even though their evidence for an original mild post-traumatic change in personality 
may not be conclusive They characterize in a clinical fashion the patient’s pei sonal 
‘ style ’ of functioning, which he exhibited throughout the numerous subsequent 
tests of his visual perceptions 

AWARENESS OF VISUAL DEFECT 

The patient s spontaneous complaints about his vision were considerably less 
frequent than those about his infected leg wound, his hearing difficulties and his 
persistent headaches All that he would say was that his vision was “dimmed” and 
that his eyes were readily tired and “watered” more than usual When asked to 
specify his descriptions, he made the following statements 1 Ever since his 
injury both eyes had seemed to be covered with a film or haze This film was 
transparent and of seemingly equal density for the two eyes If he closed either 
eye, the film appeared thicker (less transparent) It always seemed to cover 

16 Benton, ALA Visual Retention Test for Clinical Use, Arch Neurol 
& Psychiat 54 212-216 (Sept) 1945 
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the whole eye evenly 2 About six months after the injury he began to be less 
aware of this film, noticing it only after straining his eyes, as m reading Then 
the blurring of images would bring the film back to his attention 3 He also 
noted at this time that the film seemed to fluctuate in density With prolonged 
fixation on any one object, it became 'thicker and momentarily obscured either 
part or all of the objects within his field of vision He would then close his 
eyes and wait for a few seconds, and after this his vision seemed to have 
recovered, until the cycle started anew 4 Whenever he closed his eyes under these 
conditions, the film was not immediately abolished but appeared broken up into 
brightly luminous dots— “a film of snowflakes” These crystal-hke phosphenes 
covered the whole field evenly As time went on, the patient noticed these 
phenomena less and less, and in September 1945 they had almost disappeared 
5 In addition to these diffuse changes in vision, the patient became aware, 
shortly after his injury, of a definite “blank spot” localized to the left corner of 
the left eye This spot impressed him neither as darkness nor as a film or haze, 
“things simply weren’t there” By June 1945, or eight months after the injury, 
this feeling also had been “eliminated” as the patient put it 6 Even a year 
after the injury the patient found it impossible to drive a car unassisted As his 
main difficulty in this respect, he described a peculiar “jumping” of the roadside 
at his left, particularly on driving through a curve “The side of the road 
suddenly jumps out [from the left] into the middle of the road — as if I were 
driving suddenly beside the road, instead of driving on it 7 He also complained 
of rapid ocular fatigue, noted when he was trying to read more than a few 
paragraphs or when he was watching a movie for more than a few minutes 
“Things dim out still and then come back again” 

•v 

In order to evaluate the patient’s complaints, numerous clinical and psychophys- 
lologic tests were made over a period of eight months (January to October 1945) 
All these tests were administered under standard conditions, that is, in exactly 
the same way as for other patients in our series with head injury, as well as 
for a group of normal subjects 

PERIMETRIC EXAMINATIONS 

Perimetric studies with an illumination of 1 foot candle, a distance of 33 
cm and 1 degree targets (white and red) revealed consistently on different dates 
(Feb 12 to Aug 13, 1945) an absolute scotoma (semicrescent) m the periphery 
of the left lower temporal quadrant, reaching to within 60 degrees of the point of 
fixation (fig 2) The density and extent of the scotoma remained unchanged from 
one examination to another Significant contractions of the fields for red were 
not elicited at any time 


TANGENT SCREEN STUDIES 

While the results of routine perimetric examinations were consistent and 
remarkably unchanged from one examination to another, "the use of the Bjerrum 

17 The patient s description of these sudden displacements in visual space 
closely resembles a phenomenon which is obtained by normal subj ects on observing" 
the rapid passing of a visual stimulus (light or illuminated slit) through the 
aperture in a screen Under these conditions, the stimulus object “jumps” into 
the field , i e , it is already considerably past the edge of the diaphragm when it 
IS first perceived (Frohlich phenomenon [Frohlich, F W Die Empfindungs- 
zeit, Jena, Gustav Fischer, 1929, p 365]) 
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screen led to a seemingly confusing array of results The readings changed as 
time went on, but they also differed on any single day with different methods of 
examination 


Ltjt Fyt 120 


Rit\/ Ey 


Fig 2 — Perimetric charts, illustrating crescent defect in the left lower temporal 
field of vision Solid black indicates an absolute scotoma for no 1 degree target 
at a distance of 33 cm and with 7 foot candle illumination Lines of dashes rep- 
resent boundaries of the color field for red plotted under the same conditions 


TEMPORAL 


TEMPORAL 


MBBSM 


Fig 3 Tangent screen field charts, illustrating a relative ring scotoma in 
the left eye and ^ incomplete ring scotoma in the right eye Solid black represents 
the physiologic blindspot Diagonal lines in the left eye indicate the region in 
which a 2 mm target at a distance of 1 meter disappeared Small circles in the 
right eye designate islets of impaired vision See text for details Note that the 
annular scotoma is more pronounced in the eye opposite the cerebral lesion 

On Feb 13 and Feb 20, 1945, central fields were taken on a Bjerrum screen 
with a 2 mm target The patient was seated 1 meter from the fixation point The 
targets were brought in (from 30 degrees to the fixation point) with slow, steady. 
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centripetal motion along each half-meridian When the left eye was tested under 
these conditions, the target disappeared within an annular zone in the field of 
vision (fig 3) This zone occupied a region between IS and 20 degrees of the 
fixation point The heaviest portion was always found on the temporal side 
of each eye If a larger target was used or if the patient’s distance from the 
screen decreased, the “ring” sometimes became incomplete on the nasal side 
Likewise, a different field resulted with rapid centripetal motion of the target, 
under these conditions the **ring” was found as much as S degrees closer to the 
center, or it was not found at all With centfifugal motion of the target, the 
“ring” was usually not encountered until the target had been moved beyond 
20 to 25 degrees from the center Actually, then, the zone of disappearance no 



Fig 4 — Chart of the central field of the right eye, plotted on the tangent screen 
A 2 mm target at a distance of 1 meter was moved slowly inward from the 
periphery toward the fixation point The test was started at the zero (right 
horizontal) meridian and repeated for each meridian in a clockwise succession 
This yielded a contracted, or tubular, field for form and color but not for motion 
The boundary of the field is defined by the diagonal lines The small circles 
represent zones of impaired vision Note the spiral shape The field for the left 
eye was similar to that for the right eye except that it was more contracted 

longer represented an annular scotoma In most instances the target did not 
reappear with continued outward motion once it had become invisible, between 
25 to 30 degrees from the center The apparent ring scotoma had thus changed 
into a tubular field 

When the right eye was tested with the same senes of varied conditions, 
corresponding results were obtained However, a definite (continuous) ring zone 
of amaurosis was never established Instead, numerous small “islands” of relative 
loss of vision were found between 15 and 25 degrees from the fixation point 
In tliese areas the target was indistinct and colorless, fluctuated in visibility or 
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became entirely extinct (fig 3) In comparing the fields of the two eyes, it was- 
apparent tliat the annular defect was more complete in the field contralateral to 
the lesion A similar difference between the two eyes had already been noted 
on perimetric examination 

With further tangent screen studies, it was found that when the direction 
of the moving target was reversed (outward) a transition into a kind of tubular 
field appeared in the right eye, just as it had been noted for the left eye A particu- 
larly unusual picture (a type of spiral field) resulted whenever the 2 mm target was 
led very slowly centripetally along each half-meridian in a clockwise order, 
starting from the zero meridian (fig 4) Under these conditions, the targets 
appeared later and later during each test, or, to put it differently, the plotted 
field seemed to contract more and more as the examinations progressed However, 
the target became immediately visible anywhere within the area of apparenth 
reduced vision if it was moved more rapidly or was repeatedly shaken In addition 
to this spiral contraction, a spiral zone of fluctuation and extinction was encountered 
Along any meridian, after the target had first become visible, there was a 
tendency for the target to dim or fade out once again as the centripetal motion 
of the test object was continued 

Examinations repeated over a period of ten months yielded practically identical 

* 

results, provided that the methods of testing were kept the same The onl> change 
noted was a breaking up of the apparent ring scotoma into islands of impaired 
vision This was found in the left eye two months after the ring scotoma was 
first discovered From this time on the fields obtained on examining the left 
eye were similar to those found in the right eye The ring scotoma in the left 
eye was no longer complete There was an annular zone of “islands” of impaired 
vision (characterized by fluctuation and transient extinction of images) in each cj e 

DEPARTURES FROM GEOMETRIC OPTICS 

Examinations with the tangent screen thus gave a complex and variable picture 
Sometimes concentrically contracted fields, similar to the “tubular vision” of 
the hysterical patient, were found In view of this, special studies were made 
in order to check on the consistency of the patient’s reports Should his responses 
prove to be consistent the same studies would be extended to investigate what 
influence these particular field changes had on his visual perceptions 

First of all, the patient’s distance from the tangent screen on which the field 
tests had been made was' systematically varied Increase in distance from the 
screen obviously entails a proportionate increase in the linear projection of the 
visual angle Thus, a contracted field of genuinely organic origin should show an 
apparent widening with increase in distance Under the same conditions, a tubular 
field produced by hysteria or simulation either remains unchanged in its apparent 
diameter (absolute width on the screen) or varies in random fashion With our 
patient, increase in the distance from the screen led pan passu to an (apparent) 
widening of the diameter of the ring-shaped “scotoma ” However, this widening 
was found on repeated measurements to fall somewhat short of that required by 
geometric optics Instead of subtending a constant visual angle, the ring became 
increasingly broad, and at the same time its diameter was somewhat shortened 
(relative to the visual angle) whenever the patient moved away from the screen 
The same relationships held for conditions under which a concentric contraction 
or tubular field was obtained instead of (or in addition to) the apparent ring 



BENDER-TBUBER— SCOTOMA AND TUBULAR FIELDS 313 


scotoma In relative terms, the fields were found to be shrinking, rather than 
remaining constant, with increase in distance However, the extent of the shrink- 
ing did not approach the tubular contraction of the hysterical subject, who claims 
that his field is just as small at short distances as it is at long distances 

AUBERT-FORSTER PHENOMENON 

It will be remembered that in spite of repeated examinations neither ring 
scotoma nor concentric contraction could be found in this patient on standard 
perimetric studies These field changes could be demonstrated only with the 
tangent screen method Earlier, Goldsteins'’ had pointed out that contracted 
fields of “organic” origin were often characterized by just this peculiar discrepancy 
The mam difference between the tangent screen method and perimetry in the 
plotting of fields lies obviously in the fact that with increasing distance from a point 
of fixation a target on the screen is also increasing its distance from the patient’s 
eye 

There is experimental evidence's that the acuity of peripheral portions of a 
normal field of vision diminishes with increasing distances of the objects viewed 
Thus, when a test object situated 15 degrees from a point of fixation is resolved at 
1 meter, it may not be resolved at a distance of 2 meters and an eccentricity of 
15 degrees even though the linear dimensions of the test object have been increased 
in geometric proportion This effect is known in the literature as the Aubert- 
Forster p'henomenon Like the phenomena of size constancy,^® this peculiarity of 
the periphery of the visual system constitutes a departure from the behavior which 
one would expect on the basis of strict geometric optics 

In our series of cases, the Aubert-Forster phenomenon was routinely studied 
under the following conditions The patient was first seated at a distance of 
150 cm from a tangent screen While he maintained binocular fixation on the 
center of two concentric circles (diameters, 13 and 26 cm, respectively), his 
peripheral acuity was examined This was done either by means of Snellen’s 
test types or by means of two white cards bearing one or two dark test lines 
Each of the test lines was 2 cm long and 2 mm wide On the card bearing 
two parallel test lines, the lines were 5 mm apart These cards were introduced 
from the periphery with moderately slow centripetal motion along each meridian 
In at least three successive trials the point at which the patient was able to resolve 
the double line was ascertained After all readings under these conditions 
(“large-far” constellation 150 cm distance, 2 cm test lines) had been determined, 
the patient was moved to a distance of 75 cm from the screen, the examinations 
were repeated with test cards bearing lines which were half as large (“small- 
near” constellation test lines 1 cm long, 1 mm thick and 2 5 mm apart) as those 
used at a distance of 150 cm At the 150 cm distance normal subjects usually 
managed to resolve the double line at about 10 degrees from the fixation point, 
at the 75 cm distance the same subject resolved the double line at 13 to 15 degrees 

18 (a) Aubert, H Physiologic der Netzhaut, Breslau, E Morgenstern, 1865 

(b) Jaensch, E R Zur Analyse der Gesichtswahrnehmungen, Ztschr f Psychol 
u Physiol d Sinnesorg (supp ) 4 1-338, 1909 (c) Freeman, E Anomalies 

of Visual Acuity m Relation to Intensity of Illumination, Am J Psychol 42 
287-294, 1930 

19 Boring, E Sensation and Perception m the History of Experimental 
Ps\chologj, New’ York, D Appleton-Centur\ Companj, Inc, 1942 
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from the fixation points In other words, an Aubert-Forster phenomenon (or 
tendency toward concentric contraction of the functional field with increase in 
distance) can be noted for normal subjects under the conditions specified here 
As compared with the controls, our patient showed not only a pronounced 
reduction in peripheral acuity under all conditions but a disproportionate value 
for the Aubert-Forster phenomenon With the "large-far” constellation he 
resolved the double line at 4 to 7 degrees, while with the “small-near” constellation 
he resolved the two lines at 8 to 10 degrees, from the fixation point The inferior- 
ity of the “large-far” constellation as compared witli the “small-near” constellation 
was evidently considerable The results indicated that his fields were indeed 
contracted, but in a highly systematic fashion Actuallj, it was not only a 
concentric contraction in the coronal (frontal-parallel) plane, but a drop in 
peripheral acuity in all three dimensions, thus producing a somewhat conical, 
or domelike, rather than a tubular (cylindnc), contraction 

TACHISTOSCOPIC EXAMINATION 

In all cases of our series, the various studies of visual fields were supple- 
mented with tachistoscopic examinations The latter tended to bring out mimmal 
defects which could not be elicited by perimetric measurements or tangent screen 
tests On the other hand, the tachistoscopic method sometimes revealed retention 
of visual function in areas in which perimetric studies indicated amaurosis 

Tachistoscopic examination of this patient elicited normal responses when he 
was confronted with a standard set of slides, exposed to either one or both ejes 
at a speed of 0 1 second or faster There was neither the generalized slowing 
in recognition, sometimes found m cases of extensive damage to the brain,®® 
nor any sigmficant tendency to miss large details in any region of the field up 
to 25 degrees from the point of fixation In other words, tlie apparent ring 
scotoma and other discontinuities in the field as obtained on the tangent screen 
were not found on rapid (0 1 second) exposure This is not surprising in view 
of the fact that in some instances the patient could see more on rapid than on 
prolonged exposure of a test object 

PROLONGED EXPOSURE OF SIMPLE STATION AR\ PATTERNS 

If the patient fixated an object for more than ten seconds, he reported dimming, 
fluctuation in distinctness and intensity, and occasionally total extinction of tlie 
image This was particularly apparent with simple configurations which were 
large enough to involve pericentral regions For instance, the patient drew what 
he saw at various stages while fixing at the center of two concentric circles on 
a screen situated 75 cm from the eye He reported that first the outer and then 
the inner circle disappeared within fifteen to twenty seconds of continued fixation 
This obliteration occurred in a discontinuous and irregular fashion It appeared 
as a fragmentation” of the field of vision This fragmentation was more evident 
when a peripheral target was added to the field at 25 degrees (just outside the 
annular zone of continual fluctuation) and the patient was instructed to focus 
his attention on this stationary peripheral target while maintaming fixation in 
the center (fig 5 C) In these circumstances, the outer circle tended to split, 
first closest to the peripheral target, then rapidly in many other places Subse- 
quently, the peripheral target itself would disappear, and in extreme cases the 
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inner circle, and even the center of fixation, would temporarily “black out’ (see 
patient’s drawings, fig 5 G to Q) If the patient was permitted to move his eyes 
or to close and reopen them, the complete image reappeared, but with continued 



Fig 5 — Y arious diagrams illustrating the concentric nature of the patient’s 
visual defect (A) The patient was shown a rotating Masson disk Ai, A« and 
As depict what he saw as rotations continued, the black line contracted suc- 
cessively toward the center whenever it swept through the left lower quadrant 
(B) Rotating disk (plateau spiral) was sho\vn the patient What he saw is indicated 
by Bi, Bs and Bs Note the concentric shrinking of the spiral in Bs, interspersed 
with partial recovery {Bs) (C) The patient was instructed to fix at X and 
simultaneously attend to a target (small circle in the right upper quadrant) 
What the patient saw is indicated in Ci to Cs Note the fragmentation and 
resultant contraction of the image In Cs the peripheral target (small circle) has 
disappeared (D) The American flag in complementary colors was used in tests 
of after-imagery Di to Dt represent a succession of phases of the negative 
after-image Note again the gradual contraction of the after-image, interrupted 
by a phase in which the image was momentarilj complete {Ds) 
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testing the periods of complete obliteration became longer and occurred more 
frequently However, the recovery was always complete, at least momentarily, 
if the patient closed and reopened his eyes 

AFTER-IMAGERY 

In a similar fashion, the patient’s after-images tended to run through abnormally 
rapid cycles of disappearance and reappearance l^Ioreover, the patient’s 
after-images decayed in a strangely irregular, but always concentric, fashion 
He was able to obtain a strongly colored negative after-image on prolonged 
fixation on a drawing of the American flag printed in complementary colors 
(fig 5 Z?) However, the first appearance of the after-image took place only 
with an abnormally increased latency, regardless of whether it had developed 
monocularly or binocularl}^ Moreover, the first after-image was often incom- 
plete, at times the patient reported a gap “1 inch wide” in the flag to the right 
of the point of fixation In such an area the flag was invisible, or very faint 
and gray Frequently only that portion of tlie flag which was to the right of 
the median plane was visible When the after-image disappeared and then reap- 
peared, only the portion to the left of the median plane was seen However, 
the most frequent course of the patient’s after-images was as follows (fig 5Di 
toDi) The first appearance was fully colored and more or less complete Then 
the image disappeared and reappeared “with all four corners cut off” The next 
phase would often again be a complete image, followed by an image showing 
further obliteration of peripheral portions, and so forth, through ten to fourteen 
cycles within a minute or a minute and a half, until the after-image had faded 
away In summary, visual after-imagery disclosed a concentric contraction of 
the field of vision, which seemed to take place as a continual process 

COLOR PERCEPTION 

The patient’s color sense, as tested with routine clinical methods (Ishihara 
plates, Jenmng’s wool skeins) appeared to be normal However, on prolonged 
fixation on yellow, red or blue squares (5 by 5 cm) exposed on a milk glass 
screen (40 cm from the patient’s eyes), the patient reported that the color faded 
rapidly from the edges toward tlie center This decrease in chroma took place 
within the first twenty seconds of fixation Sometimes, alternately the horizontal 
and then the vertical edges became colorless The “fadings” were often inter- 
spersed with moments in which color was restored evenly to the whole square. 
If two squares of the same color were presented with time exposure (8 degrees 
to either side of the point of fixation), after the first few seconds, alternately 
the one on the left or the one on the right, or both, would become gray (i e, 
colorless) After twenty to thirty seconds either one or both squares began to 
disappear and reappear in random fashion 

However, on tachistoscopic exposure of these colored squares, usually both 
squares were reported, the patient also reported positive after-images on these 
exposures But either one or both of these squares tended to be colorless (“dark”), 
and this tendency increased with increasing speed of exposure At a speed of 

20 This test card measured 10 by 18 cm It was placed in the frontal-parallel 
plane at the level of the patient’s eyes, and fixation was maintained on the star m 
the lower right corner of the field of stars for thirty and/or sixty seconds at 
a distance of 30 cm 

21 These peculiarities of the patient’s after-imagery were most pronounced 
on stimulation of the left eye But they were also found on testing the right eye 
or both eyes under the same conditions 
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001 second, when normal observers under our conditions had no difficulty in 
appreciating an intense single color, the patient saw only colorless (dark) squares, 
followed by two dark after-images, which faded almost immediately These tests 
indicated a general, but slight, reduction m perception of color 

SPATIAL ASPECTS OF PERCEPTION 

There were no gross disturbances in depth perception proper Sizes and dis- 
tances were gaged with practically normal accuracy Evidently, the so-called 
perceptual constancies (constancy of size, shape and color) were not affected 
by the abnormality of the fields However, objects moving m the periphery 
of his field frequently showed the peculiar “jumping” of which the patient had 
complained spontaneously This, m a sense, could be called a disorganization 
of visual space, although it was most likely an expression of the abnormally 
pronounced fluctuation and extinction of images in the patient’s periphery (He 
would be aware of an incoming object for a moment, then it would become 
extinct and then reappear suddenly, after it had come closer to the center of 
the field ) Possibly, this particular difficulty was related to a disturbance in 
fixation which the patient showed, especially whenever he was asked to judge 
distances and sizes He constantly turned his eyes and head to the left (i e , 
m the direction of the principal scotoma) The occasional “jumpiness” even of 
stationary objects in the periphery might have been due to these ocular move- 
ments, which carried images of the objects alternately into and beyond the 
peripheral zone of decreased vision 

The patient’s behavior in bisecting lines strongly pointed in the direction of 
an “organic” contraction of the field He was instructed to attempt to bisect 
a line 15 cm long at a distance of 30 cm from his eye, with fixation maintained 
at one end Regardless of the meridian in which the line was turned, the patient 
divided the line near the fixation point, making the peripheral portion too long 
This occurred both with monocular and with binocular fixation Indirectly, this 
was a manifestation of a concentric contraction of the field of vision, inasmuch 
as the peripheral portions of the lines seemed shorter to the patient than they 
actually were When he was instructed to fixate the midportion of the line, he 
still erred considerably, but he then showed a consistent tendency to make the 
portion to his left too long This was in keeping with the scotoma m his left 
temporal field of vision In point of fact, a normal subject will (on monocular 
fixation) slightly overestimate the temporal portion of a given line if the line is 
oriented along the horizontal meridian But this error in bisection of the normal 
subject rarely exceeds 0 3 per cent of the total length of the line 

With the stereoscope, the patient had the greatest difficulty in obtaining a 
Panum phenomenon -- The depth effect produced by horizontal disparity of two 

22 Panum (Woodworth, R S Experimental Psychology, New York, Henry 
Holt & Company, Inc , 1938) was the first to note that an impression of tn- 
dimensionality was obtained on exposing stereoscopically two pairs of parallel 
vertical lines, provided that the distance between one pair of lines was slightly 
m excess of the distance between the other His observation became one of 
the crucial experiments for the classic theory of binocular depth perception (which 
assumes horizontal disparity of retinal points as the principal “clue” for depth) 
In the more recent work on perception of visual space (Werner, H Dynamics 
in Binocular Depth Perception, Psychological Monographs no 218, Columbus, 
Ohio, Psychological Review Company, 1937, vol 49, no 2, p 1), the Panum 
phenomenon is considered as only a special manifestation, but still illustrative 
of the general d\ namics of binocular depth perception 
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pairs of parallel vertical lines, where each pair is presented to one eye, was never 
observed If two pairs of circles were substituted for the lines, a depth effect 
could be obtained, although it was transient and produced intense binocular 
rivalry However, binocular rivalry was not the principal difficulty in his stereo- 
scopic vision If three letters (Z Y Z) were presented in such a way that each 
letter had to be built from monoculaly presented half-images, a curious form of 
rivalry resulted which involved portions of the images of the letters to the right 
(Z) and left (Z) but not the letter in the center (F) The Z as well as the Z 
appeared either distorted or incomplete, the F appeared normal 

STROBOSCOPIC MOTION 

A stroboscopic effect was produced as follows On a vertical panel, a black 
disk rotated at vanable speed The speed was controlled by a rheostat, and the 
instrument was calibrated over a range of zero to 56 rotations per second On 
the black disk two white strips of paper were fastened, the larger one being nearer 
the periphery and the smaller strip diametrically opposite it and closer to the 
center A gray screen was placed in front of the panel In this screen two small 
apertures were cut (oblongs, 2 by 1 cm , one 3 cm above the other) and placed 
in such manner that they would alternately expose portions of the white strips on 
the rotating disk When the upper strip rotated through the upper window, the 
lower window was black, as the disk continued to turn, the upper window became 
black, and the lower window exposed the white stnp At low speed this succes- 
sion was seen as such, i e, as an alternation of black and white With increase 
m speed a gray flash appeared, which seemed to move swiftly (with each half- 
turn of the disk) from window to window across the gray screen At still higher 
speed the windows seemed to flash simultaneously, until each became a umform 
dark gray The screen was adjustable m such a manner that tlie apertures could 
be brought into an 3 ^ meridian of the patient’s field Furthermore, a movable 
fixation mark was provided, so that the windows could be observed by the patient 
at any desired degree of eccentricity 

In this particular case, observations could not be made at more than 10 degrees 
from the center because the patient was unable to resolve the two windows at 
greater distances from his point of fixation The observations were complicated 
by a particularly rapid “dimming” and frequent temporarj' extinction in the tested 
zones of the field of vision However, we could ascertain the following departures 
from the behavior of normal subjects on this test 

(o) A lowered threshold for stroboscopic motion (appearance of the gray 
flash across the screen) occurred in central fixation and as far as 5 degrees from 
the center along each 45 degree meridian 

(ft) At an eccentricity of 10 degrees along each 45 degree meridian in each 
quadrant, the patient did not obtain a clearcut stroboscopic effect Instead, the 
impression of successive alternating flashes changed with increasing speed directly 
into the impression of simultaneous flicker Under these conditions, normal 
observers showed a strong stroboscopic effect at such a degree of eccentricity 

23 Lieut Conidr D R Sword, U S N , United States Naval Repair Base, 
San Diego, Calif , designed the multiple purpose instrument which was employed 
in these and in numerous other studies on perception of color and motion and 
supervised its construction and calibration 

24 Details and quantitative data, together with the standards derived from 
experimentation with normal controls, will be presented separately in a report on 
perception of motion in defective visual fields 


I 
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(c) If a stroboscopic effect in the periphery was obtained in the patient under 
these conditions, it tended to be partial or fragmentary That is, only one of 
the windows jumped part of the distance toward the other, which flickered but 
remained stationary (singular motion) , or both windows were seen by him as 
bouncing toward each other “as if they wanted to get together, but they snap 
apart before they meet” (dual motion) 

(d) These fragmentary stroboscopic effects were noted only on increasing the 
speed to 2 6 rotations per second for the right upper quadrant of the binoculai 
field of vision, which represents nearly one and one-half times the speed at 
which optimal motion could be obtained m the center (1 7 rotations per second) 
In order to obtain motion for the right lower quadrant, the speed of the apparatus 
had to be increased to 3 5 rotations per second, or to almost twice the speed 
necessary for the center 

(e) In the left half of the binocular field partial motion was obtained for the 
upper quadrant, but only occasionally, and not until the speed of 4 6 rotations per 
second had been reached The left lower quadrant yielded motion with a speed 
of 9 rotations per second, that is, only after the state of simultaneous flashing 
(flicker) had been reached for all other quadrants, as well as for the center The 
effect was transitory, and perhaps was nothing but the usual “bobbing” of periph- 
eral objects which had always been noted, particularly m this quadrant These 
tests showed that even the more central parts of the left lower quadrant were 
defective 

FLICKER AND FUSION 

It was noted throughout our series of cases of cerebral injuries that one of 
the strictest tests of relative field defects is the evaluation of fusion frequencies 
. of visual flicker in various parts of the field Particularly in resolving hemian- 
opsias, a lowering of the threshold at which an intermittent light stimulus appears 
to be steady (fused) may be the last sign of a field disturbance long after perimetric 
examination has failed to show any pathologic condition 

For this patient, flicker was produced by means of a small Masson disk^s 
rotated on the panel used for the series of stroboscopic observations The thresh- 
olds for fusion under these conditions proved difficult to determine, since the 
images tended to fluctuate spontaneously for the patient, so that he was at a 
loss to indicate at which moment the “actual” flicker had stopped (a) There was 
an abnormal variability of threshold even on central fixation (b) In spite of 
this, the threshold for fusion was clearly lowered for the center as compared 
with results obtained from normal observers under our conditions (c) As 
compared with the normal, the various quadrants showed further decreases in 
threshold values, with the greatest dip m the left lower quadrants, again demon- 
strating decrease m another type of visual function of the peripheral field 

TRUE MOTION 

The patient had some difficulty in judging the relative and absolute speeds of 
objects, which may have been somewhat related to his difficulty in fixation and 

25 A white disk with a single black line drawn from center to peripherj , 
resembling the dial of a clock with a single hand 

26 Quantitative data, together with observations on normal controls, will be 
presented m a separate report on flicker and fusion in defective visual fields 
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pursuit (For normal observers, the phenomenal speed of a moving object tends 
to be higher when the object is regarded while it moves past a stationarv point 
fixated by the subject, the speed appears to be lower if the subject follows the 
moving object with his gaze ) 

However, the most outstanding disturbances were noted m this patient when 
continuous motion of an object involved large portions of his field of vision A 
moving stimulus was again provided by a Masson disk This disk was rotated 
relatively slowly (at speeds of from 1 to 3 5 rotations per second) while the 
patient maintained fixation on the center of the disk at a distance of 35 cm under 
standard illumination The patient soon became aware of a curious effect The 
‘‘hand of the clock” shrunk with each rotation, beginning at the peripherv (fig 
5 A) This shrinking seemed to occur m a discontinuous fashion, whenever the 
black line swept through the left lower quadrant, it contracted a little farther 
If the Masson disk was replaced with a rotating black spiral on a white ground 
(a stimulus used by us in the experimentation with motion after-images), the 
patient announced an analogous effect (fig 5 B) Tlie spiral seemed to shrink 
progressivelv as rotations continued 


COMMENT 

At first glance, the results from this arraj of tests are so v’aried that one 
might be tempted to interpret the case as one of Instena An additional basis 
for such a suspicion is the persistence of the visual disturbances as such-' On 
the other hand there was nothing in the man’s previous histor> or in his behavior 
during the period of observation to suggest a hysterical disorder Special person- 
ality studies did not reveal significant neurotic reactions 

Moreover, there were several organic features in this man’s illness, such as 
(fl) a penetrating wound of the skull, (b) a temporal crescent defect in the field of 
vision m the contralateral eye and (c) consistency of his responses whenever he was 
subjected to the same test on various occasions However, it was pointed out that on 
different tests his responses were discrepant and at times atypical The most 
apparent of these seermngly contradictory observations were the following (1) 
the discrepancy between the fields as determined with the perimeter and with 
the tangent screen, (2) fluctuations m visibility of the targets on different exam- 
inations and at different times during a single examination, (3) the apparent 
ring scotoma itself and its variations (notably the ‘‘breaking up” into islets of 
amblyopia) , (4) the difference between the right and the left field of vision , 
(5) the frequent transitions from ring scotoma to contracted fields, and (6) the 
spiral contour of the field found occasionally with the tangent screen Most of 
these points, in isolation, vvould indeed seem to suggest a psychogenic disturbance 
However, interpreted in conjunction with each other, and with the patient’s 
perceptual difficulties, the same data assume the character of an organic picture 

27 In many patients of our series with involvement of the occipital lobe, who 
were followed from the earlj stages of nearly complete amaurosis through stages 
of visual disorientation up to the stage of some degree of functional reorganization 
of the field (Bender, M B , and Furlovv, L T Visual Disturbances Produced 
by Bilateral Lesions of the Occipital Lobes with Central Scotoma, Arch 
Neurol & Psychiat 53 165-170 [March] 1945), improvement was rapid, with 
regard both to objective signs (field changes) and to subjective complaints 
However, it was noted that our patient did improve, particularly with regard to 
the subjective aspects of his visual defects 
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Furthermore, closer analysis of the results will show that the inconsistencies are 
more apparent than real Actually, they are due to the variations in the tests 
themselves (as psychophysiologic situations) The patient’s responses varied 
strictly in accordance with the differences m the stimulus situation 

1 Discrepancies in the Visual Fields as Plotted on the Tangent Scieen and 
the Penmetei — First of all, the continued failure of standard perimetry to reveal 
ring scotomas or concentric contractions of the fields merely points to the specific 
role of the tangent screen in visual examinations For simple physical reasons, 
only the tangent screen method will bring out a shrinking of the peripheral fields 
for distant objects (Aubert-Forster phenomenon) The patient’s tubular fields 
obtained under our specified conditions might thus be understood as a variation 
from the norm, but from one which, m itself, embraces a wide range of varying 
degrees of concentric contraction As Goldstein has pointed out, even a 
considerable degree of contraction of this sort may be a sign of organic damage 

2 Fluctuation in Vision — A great deal of “fluctuation” is always encountered 
m testing the peripheral zones of the normal field This is particularly evident 
for such performances as the discrimination of patterns For instance, in testing 
for the Aubert-Forster phenomenon in the normal subject, the subject complains 
of the following “The test lines are visible for a few seconds, they disappear 
and reappear,” or “they appear clearly as two lines for one moment and then 
merge again into one heavy line ” Such fluctuations were manifest in our patient 
not only in the periphery but in the field as a whole However, the fluctuation 
was most pronounced at the periphery and decreased as one approached the center 
except for the ring zone, in which (originally for the left eye, at least) images 
became completely obliterated 

3 Ring Scotoma — This ring zone of defective vision in the left eye, as well 
as the annular region, studded with islets of apparent blindness, m the right eye, 
were not scotomas in the true sense of the word It is submitted that ring 
scotoma as an after-effect of cerebral injury is always a misnomer For both 
the distance of the ring zone from the center, as well as its density, its width 
and even its completeness, varied with different methods of examination These 
variations were systematic , 1 e , a certain specified method would always decrease, 
and another method would increase, the apparent field disturbance Among the 
factors which increased the amblyopia was primarily the slow continual motion 
of the target This (next to prolonged exposure of stationary patterns) led 
inevitably to obliteration or "extinction” of the image The obliteration, how- 

28 To be sure, the universality of the Aubert-Forster phenomenon in normal 
observers has more recently been questioned Freeman ise has shown that the 
infenonty of the periphery in the “large-far constellation” fails to appear when 
the test objects are kept in one place and only the distance of the test lines from 
each other is gradually increased But it appears all the more important that 
even in Freeman’s control experiments the discrimination of distant stationary 
patterns in the periphery seems to be more difficult than the discrimination of 
closer patterns of identical retinal size 

29 In the normal visual field, fluctuation in intensity and distinctness, fading 
of color and similar phenomena are characteristic not only of the periphery but 
also of the region surrounding the normal blindspot (Foucault, M Les sensa- 
tions visuelles elementaires en dehors de la region centrale de la retine, \nn 
Psychol 22 1-20, 1920) 
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ever, was not immediate The target could be moved centnpetally for a brief 
interval, at the end of which obliteration occurred Thereby the semblance of 
a ring scotoma was produced Moreover, the obliteration was transient, i e, 
it actually was only a fluctuation This explains the appearance of islets of 
amblyopia or apparent amaurosis As the slow centripetal motion of the target 
continued, it invariably became visible again This was possible because of the 
physiologic superiority of the central region of the field 

4 Difference Between Right and Left Field of Vision — It will be noted that 
the apparent ring scotoma in the left eye was more complete than that in the 
right eye Furthermore, when, on subsequent examinations, the ring scotoma 
in the left eye had been replaced by annular zones of islets of impaired vision, 
the disturbance was again greater than the corresponding, and similar, defects 
in the right eye The discrepancy in fields was also observed on perimetric exam- 
ination The half-crescent scotoma was found in the periphery of the lower 
temporal quadrant of the left field of vision, a homonymous scotoma in the right 
field of vision could not be uncovered Since the wound of the skull was on 
the right side, it is presumed that the visual pathways on the right side were 
injured This produced the temporal crescent defect in the contralateral eye 
In a previous communication,^'' it was pointed out that objective and subjective 
visual disturbances were more pronounced in the eye opposite the side of the 
cerebral lesion This occurred even in cases in which the plotted scotomas were 
homonymous and congruent Inasmuch as our patient had a focal lesion in 
the right hemisphere, his bilateral visual disturbance (ring scotoma) might have 
been accentuated in the contralateral (left) field, as found on the tangent screen 
In this connection, it will be recalled that the patient’s visual after-images 
fluctuated and contracted more rapidly in tests of the feft eye than in those of the 
right eye, thus corroborating the foregoing observations 

5 Tubular Fields — Centrifugal (outward) motion of targets exposed on the 
tangent screen led, on the whole, not to the semblance of ring scotoma but to 
that of a contracted field Once a certain distance from the point of fixation 
had been attained, the target became invisible if it was held stationary or moved 
slowly This can be understood, again, in terms of a periodic, generalized 
decrease in excitability of the visual system (fluctuation of the threshold) Rapid 
motion was appreciated in this peripheral region, so that the contraction of the 
field (in contrast to the usual hysterical field) was “relative” In other words, 
the fluctuation indicated that there was a periodic rise in the visual threshold 
But this rise was not sufficiently high or continuous to produce a more pronounced 
and enduring defect in vision, namely, amaurosis in the peripheral field 

6 The Spiial Field — The “spiral field” (like the ring scotoma and the tubular 
field), which was found on examination on the tangent screen under certain con- 
ditions, appeared to be an artefact of the method employed in plotting the field 
of vision When the target was introduced along each meridian (in a clockwise 
or counterclockwise order), the field contracted successively, yielding the picture 
of a spiral This was due to cumulative effects of continuous stimulation, which, 
in turn, led to increasing obliteration in the periphery The spiral was not obtained 
with other methods of plotting 


INTERPRETATION 

On the surface, it would seem that certain features in our case 
could be explained in terms of local effects of fatigue Thus, fluctuation 
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and obliteration of visual images were increased by three changes in 
the procedure of testing (a) prolonging the time of exposure, 
(b) increasing the degree of eccentricity of the target and/or the distance 
of the target from the patient and (c) enlarging the area stimulated 
Moreover, a spontaneous progressive involvement of the field from the 
periphery inward, or concentric shrinking, was noted on prolonged 
exposure of large patterns This was also found m studies of after- 
imagery and on examinations with moving stimuli However, the 
theory of fatigue is not entirely satisfactory when one considers 
that recovery of visual function was piactically instantaneous on inter- 
ruption and immediate repetition of any particular test 

We therefore turned to the phenomena of visual extinction foi 
more specific clues Visual, as well as cutaneous sensory, extinction, 
we think, is due to a form of rivalry of two or more perceptual 
processes This rivalry, which can be demonstrated in the normal 
person, results m dominance of the stronger, and extinctidh of the 
weaker, percept Such extinction is more apparent m pathologic states, 
in which the intact or less defective substrate dominates over the more 
defective substrate^® These phenomena were interpreted m the light 
of the discovery of Dusser de Barenne and McCulloch that ‘‘suppres- 
sion” in a point in the sensory cortex can be produced by exciting 
another focus in the same cortical area In psychologic experiments, 
Fry found that the image of a flash of light can be “suppressed” by 
applying another flash of light to adjacent areas of the retina In 
orienting our data in terms of extinction, we found that we could explain 
all the aforementioned features (decrease in function with prolongation 
of stimulation, etc ) on this basis, rather than on that of fatigue 

Moreover, there are other features m the present case which are 
in agreement with those previously described m patients who showed 
extinction in their visual fields 1 Tachistoscopic examination 
failed to bring out any visual defects, while prolonged exposure did 
2 Ring scotoma and tubular fields were found only with slow movement 
(or prolonged exposure) of targets, rapid movement or brief exposure 
of targets did not produce such defects in the visual field 3 Oblitera- 
tion of images usually started m the peripher}^ of the left lower 
quadrant, in the region bordering on the absolute (hemicrescent) 
scotoma, and from there it spread over the whole field This was 

29a Dusser de Barenne, J G , and McCulloch, W S Factors for Facilitation 
and Extinction m the Central Nervous System, J Neurophysiol 2 319-355 (Julv) 
1939 

30 Frj' G A Depression of Activity Aroused by a Flash of Light by 
Appljing a Second Flash Immediately Afterwards to Adjacent Areas of Retina, 
Am J Plnsiol 108 701-707 (June) 1934 
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paiticularly evident foi moving stimuli 4 Double simultaneous 
stimulation vith identical targets to either side of the median line led 
sometimes to extinction m the left half- field But this tendency was 
inconsistent and difficult to interpret because of the continual and irregu- 
lar fluctuations m different parts of the field 

In the majoiity of patients observed in oui senes with visual dis- 
tuibances, fluctuation and extinction tended to take place in quadrants 
or half-fields In the present case the disturbance involved the whole 
field (although it was most pronounced in the neighborhood of the 
absolute scotoma) The general involvement of the field produced the 
semblance of ring scotoma or coiiti acted field wuth certain methods of 
plotting In the act of viewnng large patterns, the same general disorder 
became evident as a gradual “fragmentation” of the patient’s field 
Even strong configurations, such as concentric circles, -were broken 
up into irregular pieces before they eventually disappeared This last 
feature in particular points to the diftuseness of the disturbance in this 
case Although a circumscribed lesion m tbe visual substrate might 
produce an absolute scotoma surrounded by an area of relative impair- 

31 In this respect, the sMiiptotns shown in this case resemble those obser\ed 
m 3 other cases in our series In 1 case, that of a gunshot wound in the right 
occipitoparietal region near the niidhne with mild sensory and motor changes 
in the left lower extremity, no distinct field defects could be demonstrated on 
the perimeter or the tangent screen How'e\er, with continued exposure of any 
pattern involving more than the immediate center of the field, the patient com- 
plained of a peculiar blacking out, which involved, in succession, three quadrants, 
leaving intact only one, the right upper homonymous quadrant The patient 
then shut his ejes, and his difficulty disappeared immediately, only to reappear 
after another prolonged (ten to fifteen seconds) exposure The patient’s after- 
images “decayed” rapidb’- after first appearing complete, again, this decay took 
place by way of an almost immediate disappearance of those portions of the 
after-image which had been exposed to the three involved quadrants In a 
similar case, a homonjmous defect was noted on the perimeter in the extreme 
periphery of the right fields, suggesting a late stage in the recovery from an 
initial right hemianopsia On the tangent screen, after a few seconds of obser- 
vation, the w'hole right half of the field “blacked out,” wuth an illusory inward 
motion from the periphery to the center As soon as the patient blinked his eye, 
the field appeared free again Such cases of fleeting scotoma, though perhaps 
related, differ from our present case in that the obliteration occurred in quadrants 
and half-fields 

32, It IS interesting to note that Lashley (Patterns of Cerebral Integration 
Indicated hy Scotomas of Migraine, Arch Neurol & Psychiat 46 331-339 
[Aug ] 1941) postulated slowly progressing “w'aves” of complete inhibition ot 
visual activity in order to account for the spreading scotomas of migraine 
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ment of vision,^’ diffuse lesions produced by head injury (molecular 
changes in neurons) could implicate the entire visual substrate and 
field Such diffuse disturbance would likewise have to account for the 
occasional difficulties in relative localization m visual space, for the 
slowing m color perception on the tachistoscope and for the abnormali- 
ties of fixation and pursuit Of particular interest in this connection was 
the reduction in the threshold for fusion of visual flickei, as well as 
the patient’s difficulty in obtaining good stroboscopic motion, both 
are consistent with Werner’s observations on children with cerebral 
injury In experiments with normal subjects, Sanders has shown that 
prolonged stimulation of a given retinal area “inhibits” stroboscopic 
motion across this retinal area^'^ 

From the foregoing data and interpretations, it is apparent that 
our patient’s visual symptoms were not so bizarre as they first seemed 
They showed coherent physiologic patterns and represented a direct, 
and not a neurotic, response of the organism to the head trauma which 
had been sustained This conclusion seems unavoidable despite the 
fact that we do not know what specific material and physiologic changes 
m the visual substrate provided the basis for the appearance of increased 
fluctuation and temporary extinction of images 

In spite of their rarity, these visual disturbances after injury to 
the brain which (under certain conditions of field taking) manifest 
themselves as apparent ring scotomas should not be underestimated in 
their clinical importance The diffuse, but omnipresent, changes 
m the visual field can be more incapacitating than more circumscript 
scotomas, even to the extent of complete hemianopsia In the present 
case, the patient’s symptoms persisted, with little improvement, for 
almost a year after his injury 

SUMMARY 

After injury to the brain, apparent ring scotomas, concentric contrac- 
tion of visual fields, shifting and “spiral” fields may be found with 

33 Such areas of relative defect may reach far beyond the scotomatous region 
Even focal lesions, apparently, can result in a widespread and systematic distor- 
tion of the normal cortical patterning of visual processes Such dynamic alteration 
in the topologic projection of the peripheral onto the cortical retina has been 
assumed bj’’ us in cases of micropsia, metamorphosis, teleopsia and specific distur- 
bances m the perception of visual space and motion 

34 Werner, H and Thuma, B D Critical Flicker-Frequency in Children 
with Brain Injury, Am J Psychol 55-394-399 (July) 1942, A Deficiency in the 
Perception of Apparent Motion in Children with Brain Injury, ibid 55 58-67 
(Tan ) 1942 

35 Sanders, EH 0\er den mvloed van vermoienis op de optische 
'^clujnbcwegingen (Uit het phj siologiscli laboratorium der XJnnersiteit van 

\nistcrdam), Ncderl tijdschr v geneesk 65 1820-1836 1921 
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specific methods of examination of the fields Different types of 
fields may be encountered m one and the same case However, the 
changes observed vary consistently and diiectly with the different 
methods of plotting This is illustrated in a case which was studied 
with neurologic, psychophysiologic and phenomenologic methods The 
unusual field changes (viz , ring scotomas and contracted and spiral 
fields), as well as severe disturbances m visual perception (haziness, 
fragmentation and obliteration of images from the periphery inward), 
seemed to be produced by a continual fluctuation in the visual threshold 
for different parts of the field, with concomitant phenomena of extinction 
It IS concluded that such ring scotomas, despite their variability, have 
an “organic” basis, as pointed out by Goldstein in 1927 

1192 Park Avenue, New York 

42 Andover Court, Cambridge, Mass 
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CAMPTOCORMIA 

To the Editor — In the discussion on the article entitled “Campto- 
coimia A Functional Condition of the Back in Neurotic Soldiers,” 
by Lieut Col S A Sandler, an abstract of which was published in the 
February 1946 issue of the Archives, page 158, it is stated (column 2, 
line 5 of the discussion) 

“ As IS generally known, the term camptocormia was coined by 
Babmski after the last war, he was fond of Greek derivations In the 
same volume in which he described camptocormia, he described 
pithiatism — his term for suggestion neurosis He is also responsible 
for the term adiadokokinesis ” 

It IS true that Babinski was fond of Greek derivations and introduced 
the term adiadokokinesis, but he did not com the term camptocormia 
Without using this special teim, A Souques described this syndrome 
in soldiers at a meeting of the Societe de Neuiologie de Pans Feb 
18, 1915, under the title “Contractures ou pseudo-contractures hystero- 
traumatiques” {Rev nenrol 22:430, 1914-1915) The term campto- 
cormia appears for the first time m an article by Souques and Rosanoff- 
Saloff (La campocoimie, Rev neuiol 22:9Z7, 1914-1915) Here, it is 
said “Uun de nous, M Souques, propose de donner d cette incuivation 
le iiom de camptocoi mie In an article by Rosanoff-Saloff (Con- 

sideiations generales sur la camptocormie, Nouv iconog de la Salpe- 
tnej e 28:28, 1916-1917) it was stated “Le teime de camptocormie 
donne par M Souques a ces attitudes est plus exact ” Hysterical 
kyphosis after trauma had been known long before Souques, as Brodie’s 
disease, from the latter’s description in 1879-1880 (Delearde De la 
cyphose hystero-traumatique [maladie de Brodie] Ga^ d hop 75:749, 
1902) 

R Wartenberg, M D , San Francisco 

Unnersity Hospital (22) 
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News and Comment 


THE AMERICAN BOARD OF PSYCHIATRY AND 
NEUROLOGY, INC 

The following candidates successfully passed the examinations of the American 
Board of Psychiatry and Neurology, Inc, held at San Francisco, June 25, 1946, 
and have been certified 

Psychiatry — Alfred Auerback, San Francisco, Lmdsa> Eugene Beaton, 
Tucson, Ariz , O L Bendheim, Phoenix, Ariz , Major Robert A Coen, MC, 
A U S , Bernard L Diamond, San Francisco , Floyd Oliver Due, Oakland, Calif , 
Malcolm Hedges Finley, San Francicco, Edward Earle Hausc, San Francisco, 
Roy Sears Hubbs, Palo Alto, Calif , Stephen Elliott Kramer, Pueblo, Colo , 
Richard Hooker Lambert, San Mateo, Calif , David Washington Lester, San 
Diego, Cahf , Col Emmett B Litteral, M C , U S A , Richard D Lowenberg, San 
Francisco, John Morgan Lyon, Denver, John D Monarty, Vallejo, Calif , 
Herbert Allen Perry, Medical Lake, Wash , Lieut Col Donald B Peterson, 
M C , U S A , David G Schmidt, Larkspur, Calif , Capt Earl J Simburg, M C , 
AUS 

Nemology — Clemson Marsh, Los Angeles, Herman Michael Rosow, Los 
Angeles 

Psychiatry and Neurology — Elinor R Ives, Los Angeles, Henry W Newman, 
San Francisco, Charles G Polan, Seattle, Maier I Tuchlcr, San Francisco 

Certification in psychiatry and neurology has been given on record to Isliam 
Kimbell, Fort Custer, Mich 

AMERICAN SOCIETY FOR RESEARCH IN PSYCHO- 
SOMATIC PROBLEMS, INC 

At the third annual meeting of the American Society for Research in Psycho- 
somatic Problems, Inc, held in New York, May 11-12, 1946, tlie following officers 
were elected Adolf Meyer, M D , honorary president (continued) , Edw'ard Weiss, 
M D , president, and Edwin G Zabriskie, M D , secretary-treasurer (continued) 

Council members appointed were William Dock, M D , Flanders Dunbar, 
M D (continued) , Roy G Hoskins, M D , Jules Masserman, M D (continued) , 
Elizabeth Healy Ross (continued) , Leonard G Rowntree, M D (continued) , 
Leon Saul, M D , Milton J E Senn, M D (continued) , George Soule, and 
J Murray Steele, M D 

MAJOR HARRY L FREEMAN AWARDED ARMY 
COMMENDATION RIBBON 

The Transportation Corps Center, Fort Eustis, Va , is proud to announce 
that Major Harry L Freedman, Medical Corps, Army of the United States, 
presently the director of the Mental Hygiene Unit here, and recently aw'arded 
the Legion of Merit, has just been awarded the Army Commendation Ribbon bj' 
the War Department, United States Army, and by direction of the Secretarv of 
War was authorized to wear that ribbon 

His citation for the Army Commendation Ribbon, received from Major General 
H C Ingles, USA, Chief Signal Officer, United States Army, reads 

Major Freedman as Director, Mental Hygiene Unit, Headquarters, Eastern 
Signal Corps Unit Training Center, Fort Monmouth, New Jersey, from 22 Decem- 
ber 1941 to 22 November 1943, capably discharged important responsibilities m 
the organization and operation of a Psychiatric Unit for the reclassification and 
elimination of maladjusted soldiers” 
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Abstracts from Current Literature 

Edited by Dr Bernard J Albers 


Physiology and Biochemistry 

Vlrtical Nystagmus Produced by Puripheral Labyrinthine Lesions E A 
Spiegeu and N P Scala, Arch Otolaryng 40 160 (Sept) 1944 

Vertical nystagmus is generally considered one of the most important signs 
in arriving at a differential diagnosis between a lesion of the peripheral labyrinth 
and a lesion of its central nuclei and pathways Usually it appears almost exclu- 
sively with lesions of the latter type, and it is exceptionally rare with lesions 
restricted to the vertical canals Spiegel and Scala observed \ertical nystagmus 
in cats after bilateral puncture of the round window It was present in 5 of 10 
animals, in 1 cat oblique nystagmus appeared, while in the others transitory 
horizontal undulation of the eyeballs or weak ho. izontal nystagmus followed the 
operative procedure The vertical nystagmus usua'ly was directed toward the 
upper lid and had a frequency of from 5 to 100 per minute The vertical nystagmus 
IS thought to be an expression of irritation produced by the escape of perilymph 
In later stages following puncture of both round windows, definite symptoms of 
hypofunction of labyrinthine receptors were found Similar symptoms may also 
be noticed after puncture of one of the round windows Puncture of a round 
window in cats also induces hypofunction of the maculas, although such an effect 
may remain unnoticed m otherwise normal animals and may be demonstrated by 
special metbods only One of these methods is the induction of catalepsy with 
bulbocapmnc 

A different type of vertical nystagmus was observed in further experiments, 
in winch gradually developing paralysis of the labyrinth followed the injection of 
cocaine hydrochloride into the tympanic cavity The solution of cocaine diffusing 
into the inner ear produced signs of labyrinthine paralysis 

The authors believe that the mechanism of these phenomena possibly is that 
of release of receptors in the semicircular canals from a dampening influence 
normally originating in the maculas, through partial paralysis of the latter 

Ryan, Philadelphia 

The Relative Potency or Some Adrenal Cortical Steroids in the Muscle- 
Work Test Dwight J Ingle and M H Kuizenga, Endocrinology 36 218 
(March) 1945 

New data are presented to show that the decreased ability of adrenalectomized 
rats to work is due to adrenal cortex insufficiency and not to operative shock The 
studj was carried out with the purpose of comparing the effects of various 
biologically active adrenal cortex steroids on the ability of adrenalectomized rats to 
work As the study nas carried out, it Lvas found that 17-hydroxycorticosterone 
was the most active compound, 17-hydroxy-ll-dehydroxycorticosterone was 
second, corticosterone was third, and 11-desoxycorticosterone was much less active 
tliaii anj of the C-ll-oxygenated compounds Philadelphia 

The IiIetabolism or Acetaidehide with Acetoin Formation E Stot/, 
w w Wi STERFELD and R L Berg, J Biol Chem 152 41, 1944 

AcetTldchydc is a primary product of alcohol metabolism in the animal body 
logether Mitli alcohol, it comprises the equilibrium S3'stem actuated bj' tlie 
alcohol delndrogenase sjstem, and its concentration in the blood, particularly in 
man, rises mans fold after administration of alcohol For this reason it merits 
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attention, but it is probably of further importance m the general scheme of carbo- 
hydrate metabolism Stotz, Westerfeld and Berg found that acetaldehyde is 
metabolized when incubated with rat brain homogenates Its rate of disappearance 
IS greatly accelerated by addition of pyruvate and further increased by addition of 
diphosphothiamine Disappearance of pyruvate is also accelerated by the addition 
of acetaldehyde, but the effect is not so pronounced, owing to an initially high 
rate of pyruvate metabolism Acetoin (2-butanone-3-hydroxyacetylmethylcarbinoI) 
IS formed nearly quantitatively in rat brain homogenates from acetaldehyde in the 
presence of pyruvate The same factors which accelerate disappearance of acetalde- 
hyde also increase formation of acetoin Brain tissue from thiamine-deficient 
pigeons shows a notably lower ability to form acetoin from acetaldehyde and 
pyruvate and is stimulated in this respect to a greater extent than normal pigeon 
brain by diphosphothibmine Certain toxic manifestations of acetaldeh 3 'de in 
rats are described, and a procedure was developed whereby formation of acetoin 
from acetaldehyde was demonstrated m vivo by the appearance of acetoin in the 

Page, Cleveland 

The Ceeatint and Creatinine Excretion or Normal Adult Males A^THONy 
A Albanese and Dorothy M Wangerin, Science 100 58 (July 21) 1944 

Albanese and Wangerin report tlieir observations on creatine and creatinine 
excretion m 30 normal adult male subjects studied for thirty-eight to sixty days 
under normal and experimental dietary conditions Individual daily variations 
of 10 to 25 per cent of the total creatinine excreted were observed However, 
the creatinine excretion was relatively constant under tremendous variations in 
the protein intake The irregularities in creatinine excretion are greater than 
heretofore assumed, and variations in creatinine output are not necessarily indica- 
tive of inaccurate twenty-four hour collection of urine 

A simple modification of the Fohn method for determining creatine is described 
This technic reveals considerable quantities of creatine that may be present in 
urine but not detectable with the Folin technic 

The authors’ data indicate that creatinuna m the adult male is a normal 
process, and not a feminine or prepuberal male characteristic 

Guttman, Philadelphia 

Psychiatry and Psychopathology 

The Neurotic Constitution Eliot Slater, J Neurol & Psychiat 6 1 (Jan- 
April) 1943 

Slater made a statistical study of 2,000 neurotic soldiers admitted to one 
E M S neurosis center 1 he patients were classified under organic states, head 
injury, epilepsy, schizophrenia, endogenous depression, mental defect, psjeho- 
pathic personality, anxiety neurosis, hysteria and reactive depression and into 
the smaller groups of obsessional neurosis, enuresis and malingering The various 
diagnostic groups showed no significant differences wuth respect to age or religion 
The mentally defective patients and patients with endogenous depressions came 
predominantly from the group of unskilled laborers, and the schizophrenic patients, 
from sedentary occupations The frequency of noncommissioned officers w'as 
highest in the categories of the obsessive neuroses and the endogenous and reactive 
depressions There was a general predominance of the asthenic constitution, while 
the pyknic habitus was most frequent in the manic-depressive group An “inhibited 
sexual drive was common in all groups, but especially in the mentally defective 
and psychopathic patients In 55 7 per cent of the patients there was a positive 
family history of psychiatric deviation In 58 8 per cent there was some degree 
of neurosis m childhood Almost a quarter of the patients had had previous 
nervous breakdowns, two thirds of the patients with endogenous depressions having 
such a history An abnormal premorbid personality w'as present in over 40 per 
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cent of the whole group, especially m schizophrenic patients The most common 
abnormal personality traits were undue lability of mood and unsociable and anergic 
tendencies A third of the patients were of poor intelligence, and there was a 
frequent association between subnormal intelligence and hysteria Preconditioning’ 
in the form of a bad environment was especially a factor in the neuroses Previous 
service in the Army was high Among the most common precipitating factors 
were military stress, separation from family, home worries and physical ill health 
These factors were elicited in 50 per cent of patients, especially those with anxiety 
neuroses They were insignificant in the other 50 per cent, which was comprised 
chiefly of patients with schizophrenia, epilepsy, psychopathy, mental deficiency 
and the organic states Head injury was significantly high in cases of epilepsy, 
and various physical handicaps were commonly associated with the neuroses. 
Anxiety states were usually of more recent origin, while some disorders, such as 
psychopathic personality, were of long duration Patients of the latter type might 
have been kept out of the Army through more adequate screening The most 
common and least specific symptoms were depression, anxiety and hypochondriasis, 
while obsessions were rare and were usually associated with depressive reactions 
In patients with neuroses the symptoms were fluid and interchangeable Nearly 
60 per cent of the patients received no specific therapy, treatment being limited by 
the frequency of low intelligence and constitutional instability and by working 
conditions Psychotherapy was used with about one fifth of the patients, and 
narcosis with about 5 per cent (patients with anxiety neurosis) , insulin coma 
therapy was employed with 18 per cent of schizophrenic patients and with those 
showing considerable loss of weight Complete recovery occurred in about 10 per 
cent, and this number together with the patients showing great improvement 
comprised 25 per cent of the total series, while three fourths of the patients had 
to be invalided Of the number of the latter returned to duty half had a relapse 
The highest rates of recovery were obtained among patients with organic states, 
head injury, anxiety neurosis, hysteria and depression, in that order The chief 
prognostic criterion consisted in signs of constitutional instability A poor prog- 
nosis was associated with an asthenic habitus, a positive family history of 
psychiatric deviation, neurosis in childhood, abnormal personality traits, poor 
intelligence, unsatisfactory home conditions and a duration of illness exceeding 
two 3 'ears A definite inverse ratio was found between different degrees o£ 
constitutional abnormality and resistance to military stress 

The study indicated that the organic state is largely independent of the indi- 
vidual constitution and is mainly dependent on the exogenous factor In the 
endogenous states the hereditary disposition was all important In the neuroses, 
while the exogenous stress was important, the reaction was principally determined 
b> the constitutional predisposition The neurotic state, according to the author, 
IS merely an exacerbation of the type of response characteristic of the particular 
patient The individual constitution of the neurotic patient determines the form 
and se\ enty of the symptoms, while the environment controls the time of their 
manifestation This neurotic constitution and an inadequate intellectual endow- 
ment are the two most important predisposing factors in the nervous breakdown 

MalamxjD, San Francisco 

Diseases of the Spinal Cord 

IXTF^rRTi;BR\L DlSK INJURY AnALISIS FROM AN INDUSTRIAL STANDPOINT. 

H C Marble and W A Bishop, J Indust Hyg & Toxicol 27 103 (April) 

1945 

Marble and Bishop attempt to present impartially some of the facts relating 
to injuri of the intcn crtebral disk from the standpoint of an industrial surgical 
clinic The sources of the material are the records of one of the largest insurance 
companies m the United States interested in workmen’s compensation The fact& 



332 


ARCHll'ES OF NEUROLOGY AND PSYCHIATRY 


as gathered represent a cross section of the work of both neurosurgeons and ortho- 
pedic surgeons throughout the country Compensable cases represent probably 
the most important group, since injury to the back in industry is frequent and 
the results of therapy vital to the future of the patient Of 496 industrial patients 
suspected of having sustained herniation of the intervertebral disk, 92 or approxi- 
mate!} one fifth, were operated on, while four fifths received other therapy The 
92 cases are analyzed from the standpoint of cost, disability, cause and diagnostic 
criteria In less than 50 per cent of cases the result is favorable 

J A Af A 

Lesions of Cervical Intervertebral Disk J Browder and R Watson, New 
York State J ;Med 45 730 (April 1) 1945 

From a review of the literature, Browder and Watson collected onl} 69 verified 
cases of protrusion or herniation of a part of the cervical disk In this paper they 
present their experiences with 22 cases in which this lesion had disturbed the 
function of the cervical portion of the spinal cord and/or nerve roots In 21 cases 
tlie diagnosis was vwfied at operation and in 1 at necropsv Three different types 
of pathologic processes were encountered (o) discrete, oval or rounded nodules 
projecting into the ventral vertebral canal, {b) true dorsal herniations of the 
nucleus pulposus, and (c) ridges of annulus fibrosus sui mounting hvpertrophic 
bone at the margins of the adjacent vertebra. A negative reaction to the Queck- 
enstedt test does not exclude the presence of such a lesion The operative mor- 
tality for the series was zero One patient died before coming to operation 

JAMA 

PreS’Ent Status of Surgical Treatment of Sciatic and Lumbosciatic Pain 
Due to Lesions of the Intervertebrai Disks German Hugo Dickmann, 
Prensa med argent 32 691 (April 20) 1945 

Tw'enty-one v^enfied cases of herniated disk are reported from the Ravvson 
Hospital in Buenos Aires The author advises exploration of the fourth and fifth 
lumbar intervertebral disks in all cases If the pain radiates to the anterior aspect 
of the right thigh, the third lumbar intervertebral disk should also be explored 
The laminectomy should be as limited as possible The lower spine should be 
stabilized if necessary by fusion A proper corset should be worn for three or 
four months after operation The author does not use my elography routinely 
unless the total protein of the spinal fluid is 80 mg per hundred cubic centimeters 
or over In only 1 of the 21 cases was such a high protein content noted Negative 
myelographic evidence does not exclude the presence of a lesion of the disk There 
■was actual herniation in one third of the cases, m two thirds the disk w'as con- 
cealed There were 16 males and 5 females in the senes Sixteen were between 
.21 and 40 years of age, 1 vvas 19, 3 were betvv'een 41 and 50, and 1 was between 
51 and 60 In 12 cases the pain was on the left side, in 8, on the right side, and 
in 1 It vvas bilateral In 16 cases only one disk vvas involved, and m 3 -cases the 
fourth and fifth lumbar disks, and in 2 cases the third, fourth and fifth lumbar 
disks were invoLed The ankle jerks were absent in 4 cases and diminished in 
4 cases, the knee jerks were absent bilaterally m 1 case, the ankle and knee jerks 
on the same side were not elicited in 1 case, in 2 cases the knee and ankle jerks 
were not obtained on either side There were no sensorv' changes in 15 cases 
There was hyperesthesia over the outer aspect of the foot m 4 cases, and in 2 
cases hv peresthesia vvas found on the lateral aspect of the foot and the antero- 
lateral aspect of the leg There vvas complete recovery in 10 cases , in 10 cases 
there w'as definite improvement In I case sciatic pain recurred seven months 
after the operation Section of the fourth lumbar nerve root vvas done, and the 
pain disappeared 

Savitskv, New York 
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Peripheral and Cranial Nerves 

Modern View of Neuralgia Referable to Meckel’s Ganglion B R Dtsart, 
Arch Otolaryng 4.0 29 (July) 1944 


Dysart cocainized the sphenopalatine ganglion in 3 cases of corneal ulcer 
associated with pain In all instances the pam was relieved, usually within four 
to five minutes after cocainization In 2 of the cases there were multiple ulcers, 
some of which healed Pam was relieved, but no improvement was noticed in the 
appearance of the ulcer in the other case Relief of pain was temporary, and the 
procedure had to be repeated at various intervals 

The use of the proper technic is important When a patient is being treated 
for the first time and his tolerance to cocaine is not known, one must proceed 
with care A small amount of 2 per cent cocaine hydrochloride is sprayed into 
the middle meatus, and a few minutes later the pulse rate is checked If there is 
no elevation, 1 drop of 10 per cent cocaine hydrochloride is applied by means 
of a fine, flexible copper applicator This is left m place for five minutes The 
turbinates should be shrunken thoroughly with a vasoconstrictor drug before an 
attempt is made to reach the ganglion One or two pufifs of 2 per cent cocaine 
hydrochloride directed toward the middle turbinate usually produces the desired 
result Then, with the tip turned up, the applicator is slid along the lower edge 
of the middle turbinate without touching it or the septum, if possible As the 
posterior wall of the nose is reached, the tip is rotated outward and lifted upward 
to lie just back of the attachment of the middle turbinate If no improvement 
results, a saturated solution of cocaine hydrochloride (90 per cent) is used and 
IS applied for five minutes At any rise of pulse rate or complaint of the patient’s 
feeling a little faint, the treatment is stopped 

The author believes that cocainization of the sphenopalatine ganglion probably 
achieves its effects by intercepting nerve impulses, and not by influencing any 


pathologic process in the ganglion 


Rvan, Philadelphia 


pRLSFNT Status of Diagnosis and Management of Meniere’s Sindrome 

Hans Brunnfr, Arch Otolaryng 40 38 (July) 1944 

Meniere’s syndrome, according to recent studies, is due to an acute increase 
of fluid uitliin the inteinal ear, particularly within the endolymphatic canal of 
the inferior part of the internal ear In a typical attack the patient complains of 
tinnitus, diminished auditory acuity and vertigo The vertigo is of labyrinthine 
type Only vertigo of the type which can be produced by the usual clinical methods 
of examining the labyrinth should be considered as labyrinthine Labyrinthine 
dizziness, winch lasts for a ceitain period and reaches a high degree of intensity, 
IS always accompanied with spontaneous nystagmus Typical attacks are often 
followed by what the author calls a Meniere neurosis This, how^ever, does not 
present spontaneous nystagmus, and if the latter is found betw'een Meniere attacks 
it should not be thought of labyrinthine origin but, rather, should be considered 
indicatne of a lesion of the posterior fossa The evaluation of symptoms becomes 
diflicult when the patient complains onl}' of dizziness or only of tinnitus and 
deafness In such instances a definite diagnosis cannot be made until the patient 
IS under observation for a long period 

Tlie cause of Alcniere attacks and of kleniere’s sjndrome may be sjstemic, 
ceicbral or aural The syndrome is then called “symptomatic Meniere’s syn- 
drome W hen no cause can be determined, the condition is designated as 
idiopUhic Meniere’s sMidrome” Cases of idiopathic kleniere’s syndrome are 
m the minoritv , but thc\ hae e stimulated great interest concerning the cause of 
the disordci At present two theories preeail (1) the metabolic theore and (2) 
the eascular tlicore The metabolic theory is not supported In microscopic studv 
of the human car In chemical examination of the blood or by the results of 
treatment llic aascular theore propounded b\ kleniere is supported b\ micro- 
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scopic observations on the human ear, as well as by eKperinient, and explains the 
pathologic picture of the idiopathic, as well as the symptomatic, Meniere syndrome 
Most frequently the angioneurotic disturbance within the internal ear is due to 
cerebral arteriosclerosis Incipient arteriosclerosis of the brain should be con- 
sidered m every case of Meniere’s syndrome in which the first attack takes place 
between the third and the fifth decade of life and in which there is no evidence 
of other etiologic factors 

Among the systemic diseases, syphilis, malaria, influenza, the leukemias and 
virus infections maj cause the symptomatic Meniere syndrome Infrequentl>, 
some allergic process may be responsible A chronic adhesive process of the 
tympanic cavity is frequently found to produce the symptomatic Meniere syndrome 

Meniere neurosis should always be excluded When the syndrome is sympto- 
matic, the underlying condition should be treated There is no satisfactory treat- 
ment for the idiopathic Meniere syndrome If the diagnosis of Meniere sjndrome 
IS certain, surgical inteivention is indicated only when conservative measures have 
proved unsuccessful and when the disease is progressive on one side while the 


other ear is normal 


Rv \N, Philadelphia 


Pseudomembranous Angina Foil owed b\ Partial Pharvngeal Paralysis 
Joseph V M Ross, Arch Otolaryng 40 164 (Sept ) 1944 


Ross reports 2 cases of Vincent’s (pseudomembranous) angina complicated 
with late partial phaiyngeal paralysis in j-oung German prisoners of war On 
admission to the hospital the patients complained of headache, malaise, nausea, 
sore throat and difficulty in swallow'ing The signs were those of V incent’s angina 
of a severe type, with typical lesions in the throat, dysphagia, fetor oris and sub- 
maxillary lymphadenopathy There was no obvious involvement of the gums 
Organisms of Vincent’s angina were found in the smears of material taken from 
the throats Culture of the same mateiial show'ed no diphtheria bacilli With 
the usual treatment for Vincent’s angina, the lesions of the throat disappeared 
After being discharged from the hospital, both patients were seen m the clinic 
within a week They had had the same complaints difficulty in phonation, with 
a nasal twang to the voice, and difficulty m swallowing both solids and fluids, 
the former causing pain in the throat and the latter causing nasal regurgitation 
with cough These symptoms developed fifteen and twenty-three days, respec- 
tively, after the original illness Examination revealed left-sided pharyngeal palsy 
associated with anesthesia in both cases With vutamin B complex therapy slow 


progress w^as observed 


Ryan, Philadelphia 


A Type of Neuritis Associated w'ith Malarial Fever Abner M Harvev, 
Bull Johns Hopkins Hosp 75 225 (Oct ) 1944 

Harvey discusses a type of peripheral neuritis which occurs in association with 
malaria It is characterized by pain, hyperesthesia and hyperalgesia, increased 
sweating and a feeling of tightness, with increase in muscle tone accompanied 
by actual muscular contractions In cases of the mild form the only abnormalities 
are transient attacks of numbness and tingling There is considerable variation 
m the time of onset of the first neurologic symptoms m relation to the febrile 
paroxysm 


Of 100 consecutive cases of malaria, symptoms of the milder type alone, witliout 
objective neurologic abnormalities, were present in 18 per cent Harvey observed 

16 cases of the more severe type of neuritis ^ i j i i, 

Guttman, Philadelphia 


Review”^ of One Hundred Cases of Diabetic Neuropathy A Rudy and 
S H Epstein, J Clin Endocrinol 5 92 (Feb) 1945 

Rudy and Epstein review 100 cases of diabetic neuropathy followed from one 
to ten years The incidence according to clinical localization was as follows 
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neuritis, 54 cases, myelopathy, 26 cases, encephalopathy, 4 cases, encephalo- 
myelopathy, 5 cases, and neurogenic disturbances of the bladder, 11 cases Diabetic 
neuropathy is a generalized neurologic disturbance It is observed not only in 
the acute stage of diabetes but also soon after the control of the glycosuria and 
hyperglycemia and with chronic, and even mild, diabetes This neuropathy 
develops most frequently in patients over 50 years of age and is preceded or 
accompanied by considerable loss of weight Symptoms and signs of a vitamin B 
complex deficiency are frequently associated with it The vitamin deficiency is 
secondary, and it appears to be caused by the disturbed metabolism and at times 
by an associated chronic infection or other complication A demonstrable dietary 
insufficiency is a factor only m certain cases Complete recovery from -the 
neuropathy is uncertain and slow, but it occurs after prolonged therapy with vita- 
min B and control of the glycosuria and hyperglycemia JAMA 

Vegetative and Endocrine Systems 

Effects of Adrenocorticotropic Hormone on the Osseous System in Normal 
Rats Hermann Becks, Miriam E Simpson, Choh Hao Li and Herbert 
M Evans, Endocrinology 34 305 (May) 1944 

The authors have shown that by treating normal rats with a preparation of the 
adrenocorticotropic hormone both chondrogenesis and osteogenesis are retarded, 
whereas osteogenesis ceased m hypophysectomized rats Although lessened food 
consumption was shown to result in retardation of gam m body weight and bone 
growth, it did not explain the extent ot the retardation m the animals treated with 
the adrenocorticotropic hormone In the absence of the adrenal glands, there was 
shown to be no significant changes m bone or growth inhibition 

Palmer, Philadelphia 

Antagonism of Pitlitart Adrenocorticotropic Hormone to the Action of 
Growth Hormone on the Osseous System of Hvpophysectomized Rats 
Hermann Becks, Miriam E Simpson, Walter Marx, Choh Hao Li and 
Herbert M Evans, Endocrinology 34 311 (May) 1944 

After hypophysectomy, the proximal epiphysial regions of the tibias of rats were 
compared when no injections were given and after injections of the adrenocortico- 
tropic hormone of the pituitary, the growth hormone and a combination of the 
two The results observed showed that the adrenocorticotropic hormone of the 
pituitary given alone scarcely affected the inactive condition of the epiphysis, 
the state of the bone formation was characteristic and similar to that of the con- 
trols The growth hormone activated the cartilage and caused resumption of 
formation of delicate, straight trabeculae of bone Simultaneous injection of 
adrenocorticotropic hormone and growth hormone produced (1) a great decrease 
in width of the proximal epiphysial cartilage, (2) significant retardation of endo- 
chondral bone formation and (3) great decrease in osteoblastic and osteoclastic 
actn it\' 

Palmer, Philadelphia 

Cushings S\ndrome Without Adenomatous or Hyperplastic Changes in 
Pituitary Body or Adrenal Cortices and Complicated b\ Alkalosis 
Report of Case with Necropsa H E Cluxton Jr, W A Bennett, 
M H Power and E J ICepler, J Chn Endocrinol 5 61 (Feb ) 1945 

Cluxton and his associates report the clinical history and necropsy observations 
in the case of a woman aged 27 wdio came to the Majo Qinic presenting most 
of the features of Cushing’s disease (pituitary basophilism) The absence of 
adenomas or neoplastic or hjperplastic changes in tlie pituitarj body, thjmus or 
adrenal cortex and the associated alkalosis tliat was present during the life of 
1 1 C patient arc elements of additional interest The patient’s illness could not be 
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attributed to any demonstrable anatomic abnormality if one expects tlie hyaline 
changes that were found in the basophilic cells of the anterior lobe of the pituitary 
body The physiologic significance of these changes is not known, but one of the 
authors believes that these changes are secondary or retrograde rather than an 
alteration of fundamental significance in the causation of the syndrome and that 
the clinical manifestations of the patient’s illness w ere an expression of an abnormal 
function of the adrenal cortex of a hypersecretory character in spite of the fact 
that there w’as no histologic evidence to support this \ lew' This case also presents 
one more instance of alkalosis afid low^ potassium content of the blood occurring 
with Cushing’s syndrome, 3 cases having previously been reported from the Mayo 
Qinic In some cases alkalosis occurs solely as the result of abnormal function 
of the adrenal cortex JAMA 


Cushing’s Svndrome Evelin Anderson and Wlkb Ha\ maker, J Ner\ 3^ 
Ment Dis 99 511 (May) 1944 

Anderson and Haymaker review' the controversy as to the pituitary or the 
adrenocortical origin of Cushing s sy ndronie They behev'e that the demonstration 
of a substance resembling the hormone of the adrenal cortex in the blood and 
urine of patients with the disease is evidence of its adrenocortical nature They 
report 7 cases of the sy'ndromc In 4 cases death ensued, and in 3 cases improve- 
ment w'as observed The occasional cy'clic nature of the disease is illustrated m 2 
of the cases, in w'hich spontaneous remission occurred In 2 cases the hair of the 
scalp changed from blond *^10 black, and in 1 case became coarse Studies of blood 
electrolytes revealed that the levels of potassium and sodium in the serum varied 
from time to time in the same patient, but in some of the cases the serum potassium 
tended to be at the lower range of normal This observation may possibly be con- 
sidered significant as an expression of an excess of adrenocortical hormone In 2 
cases significant amounts of adrenocortical hormone were found in the blood and 
urine, and in another case the hormone was demonstrated m the urine alone The 
adiposity and In pertension which mv'ariably occur with Cushing s sv ndronie may be 
due to the effects of the hormone of tlie adrenal cortex rather than of the 
androgenic fraction 'Mbnght designated the former as the S hormone and the 

latter as the N hormone „ , i t- u vr^ 

CiiODOFF, Langley Field, Va 


Treatment, Neurosurgery 

Sulfadiazixe \nd Its Sodium Compound in Trevtment of Meningococcic 
Meningitis and Menincococcemia Emanuil Appeibaum and Jack 
Nelson, Am J kl Sc 207 492 (April) 1944 

Appeibaum and Nelson treated 142 patients w'lth meningococcic meningitis by' 
means of sulfadiazine and its sodium compound One hundred and tvventy'-six of 
the 142 patients were treated within the first three day's of illness, 115 patients 
show’ed definite changes in the mental state, varynng from irritability and apathy' 
to delirium and coma Ninety-two patients had hemorrhagic eruption 

The cerebrospinal fluid shovv'ed V'arying degrees of turbidity, with predominance 
of poly'morphonuclear cells The sugar was either absent or greatly diminished m 
almost all patients The smears of 123 patients showed vary'ing numbers of intra- 
cellular and extracellular gram-negative diplococci In 95 patients the organisms 
were found both by' smear and by culture The strain of meningococcus was 
identified in 99 instances of meningitis and in the 8 cases of meningococcemia 
without meningeal involvement 

On the first day of treatment, children under 1 year of age received from 2 to 
3 Gm of the drug , children from 1 to 3 years of age receiv'ed from 3 to 4 Gm , 
children above that age received from 4 to 7 Gm , and adults, from 9 to 12 Gm 
In 89 instances the drug was given intravenously during the first twelve to twenty- 
four hours, as a rule in a 5 per cent solution in distilled w'ater Prompt and con- 
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sistent results were obtained with levels of the drug ranging from 10 to IS mg per 
hundred cubic centimeters m the blood and from 7 to 10 mg per hundred cubic 
centimeters in the cerebrospinal fluid 

The patients showed striking clinical improvement on the second or third day 
of chemotherapy It w'as found that chemotherapy might be discontinued after 
the patient had been afebrile for tw'enty-four to forty-eight hours and had received 
a total of 15 to 20 Gm of the drug In the fulminating form of the disease, the 
outstanding clinical feature was the presence of circulatory collapse 

Arthritis occurred in 15 patients The low' incidence of serious complications 
was remarkable Toxic reactions due to sulfadiazine were encountered m 42 of 
the patients Hematuria w'as observed in 20 patients It is necessary to main- 
tain a urinary output of at least 1,200 cc m each tw'enty-four hour period 

Drug fever, noted 15 times, w'as the second most important toxic effect In 4 
cases drug intoxication produced the syndrome of encephalopathy, in w'hich the 
clinical picture was characterized by varying grades of stupor, often progressing 
to deep coma There w'ere only 2 instances of peripheral neuropathy The presence 
of initial leukopenia is not a contraindication to the use of chemotherapy 

The authors believe that there is little advantage to be expected fronj the 
additional use of the specific serum Michaels, M C , A U S 

Amphetaminl Sulfate in Aborting the Acute Alcoholic Cvcle Michael 

M Miller, Am J Psychiat 100 800 (May) 1944 

Miller studied the effects of amphetamine sulfate during the period followung 
acute intoxication in 56 nonpsychotic patients with chronic alcoholism The 
medical regimen consisted in the administration of 10 mg of amphetamine sulfat'e 
after breakfast and lunch, 0 1 Gm of phenobarbital on retiring and 30 to 40 mg. 
of thiamine hydrochloride per day In 49 patients the drinking cycle was inter- 
rupted Jn 8 control patients who received placebos the drinking cycle was not 
disturbed'' jingle doses of amphetamine sulfate given to semistuporous patients 
roused them J‘Hang-over effects” w'ere greatly reduced The treatment resulted 
in improvement of mood, rapport, aw'areness, sensory perception and activity 

drive X _ , , , , 

'' Forster, Philadelphia 

Thrombosis of tji/^ Cavernous Sinus with HemolviTic Streptococcic Bac- 
teremia J'oNAS W Wolf, Arch Otolaryng 40 33 (July) 1944 

Wolf reports recovery m a case of thrombosis of the cavernous sinus The 
patient was a 10 year old boy, and the source of the infection was a furuncle on 
the bridge of the nose Associated with the thrombosis w'ere hemolytic strepto- 
cocccmia and multiple renal and pulmonary thrombi Over a period of nineteen 
daj s the child recewed 64 Gm of sulfadiazine and 500,000 Oxford units of peni- 
cillin Therapy w’as instituted with the administration of sodium sulfadiazine 
intravenously and of sulfadiazine by mouth When no change in the patient’s 
condition developed, the sulfadiazine was discontinued and a dose of 60,000 units 
of penicillin was given intravenously by the continuous drip method No improve- 
ment was noted, and on the fourth day of treatment the patient received 5 Gm of 
sodium sulfadiazine and 60,bfl0 units of penicillin intrav'enously Use of the tw'O 
drugs simultaneously brought\about complete recovery in the following two w'eeks 

\N, Philadelphia 

New Aspi cts oi Spixai Injlriis A G Dwis, Arch Siirg 46 619 (Alav) 
1943 V - z 

In the treatment of spinal fractures and dislocations the following points have 
been gencrallv accepted 1 Hj pcrextension is generally applied for the reduction 
of fractures 2 The fractured vertebral bodv mav be depended on to form a callus, 
as docs am other broken bone 3 In cases of injurv to the cord, laminectomy as 
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a decompressive procedure occupies a place distinctly secondary to that of hyper- 
extension 4 The Queckenstcdt test is an important aid in determination of the 
presence of subarachnoid block before and after hypcrcxtcnsion S Skeletal 
traction by means of the Crutchfield clamp is the best method of treatment for 
crush fractures and fracture dislocations of the cervical region 6 The intact 
posterior arches are capable of bearing the weight of the torso without the aid of 
the vertebral body , hence it is safe for the patient to be ambulatory for part of the 
period of convalescence 7 The anterior longitudinal ligament acts as the main 
reducing medium and as the chief check strap opposed to excessive hyperextension 

There is some disagreement as to the period of con\ alcscence and the method 
of reduction in cases of compression fractuie The author keeps his patidnts in 
the recumbent position for six weeks and then permits them to be ambulatory in a 
hyperextension cast foi anothei six weeks In cases of thoracolumbar fractures 
reduction can best be obtained bj the foot suspension method 

Fractures of the laminas, pedicles and arlicular facets often are not recognizable 
in roentgenograms In certain cases of fracture w'lth “locked” dislocation the 
roentgenographic picture is characteristic Recognition of these cases is important, 
because the lesion should not be manipulated but should be treated bj open reduc- 
tion after the dislocation has been “unlocked” in a flexion de\icc 

Since the tensile strength of the anterior longitudinal ligament is great (break- 
ing point, 153 Kg) and the pull needed for reduction rarely exceeds 36 Kg, there 
IS an ample margin of safety 

A method is described for correction of bilateral cervical dislocation Certain 
types of anterior cervical dislocation can easil> be corrected in the early stage 
by a hyperextension collar , if neglected, the dislocation may be progressive and 
require fusion operation 

Amphetamine (Benzedrine) Solfate upon Higher Nervous Aenvm Com- 
pared WITH Alcohol Nathaniel Finkelstein, E Br\ce A.lpern and 
W Horsley Gantt, Bull Johns Hopkins Hosp 76 61 (Feb ) 1945 

Finkelstein, Alpern and Gantt studied the effect of amphetamine sulfate and 
alcohol on a group of 19 subjects They observed that amphetamine sulfate in oral 
doses of 10 to 15 and 20 to 30 mg increased the systolic and diastolic blood pres- 
sures of healthy young adults (an average of 13 6 mm for the systolic and of 
10 4 mm for the diastolic pressure) It did not alter the pulse rate The resting 
respiratory rate was increased about 21 per cent The drug had an effect on 
motor conditioned reflexes, causing slight improvement in differentiation between 
positive and negative conditioned stimuli The threshold of sensation to an electrical 
shock, the acuity of hearing and the performance with a number series problem test 
were unchanged by amphetamine 

The presence of a respiratory conditioned reflex under these experimental 
conditions was observed 

Alcohol had a more pronounced effect on motor conditioned reflexes than 
amphetamine Alcohol favored excitatory reactions, interfered wuth inhibition 
and tended to convert inhibitory into excitatory reactions, impaired the respiratory 
conditioned reflexes and greatly increased the threshold for perception and for pain 

The authors conclude that the conditioned reflex test was more sensitive in 
etecting a change in higher functions of the nerv'ous system than were the verbal 
tests which were used 

Guttman, Philadelphia 

Results of Modern Methods of Treatment or Poliomyelitis R W Johnson 
Jr, J Bone & Joint Surg 27 223 (April) 1945 

Johnson recommends in the acute stage bed rest, sedation for restlessness and 
pain and half-shell plaster molds or “Toronto” type splints for paralyzed, weakened 
or tender extremities in positions of relaxation Frequent checks are made of 
muscle power The presence of hyperesthesia or muscle tenderness is also checked 
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Except in cases of the encephalitic type, the author has not had clinical evidence 
of spasticity in the paralyzed extremities Stiffness of the neck and back is usual 
in the early days, but this tends to disappear spontaneously Radiant heat is 
administered intermittently as a stimulant to local circulation In the convalescent 
period gentle massage is administered to the paralyzed or weakened groups and is 
increased slowly in depth and force as soon as hypersensitivity permits Limited 
passive motion is begun in joints w'hen muscle power is below 50 per cent, and 
active motion is started in an increasing range as the muscles grow' in strength 
Graduated exercises are given for weakened muscles Patients who seem destined 
to have some disability are turned from invalidism and self pity toward an attitude 
of adaptability and compensation In the wards the children help one another to 
achieve this end Ward patients do much better in this respect than patients in 
private rooms Later, underwater exercise in pools is used The benefit of a 
crusade of the Sister Kenny type is that it makes physicians reexamine their own 
therapeutic procedures Johnson has remained unimpressed by the claims of 
superiority of the Sister Kenny treatment Patients are not cured, they recover, 
and the author does not rate recovery in case units, for misleading statistics are 
produced in this way The proper unit is the weakened and paralyzed muscle, 
and recovery is judged on final muscle power as compared with the original 
degree of paralysis The record of each muscle is kept separately For this 
analysis the author has selected ten commonly paralyzed and important muscles 
the gluteus maximus, gluteus medius, quadriceps, hamstring, gastrocnemius, tibialis 
anterior, deltoid, biceps humeri, triceps brachii and opponens polhcis muscles 
Figures shown in tables concern 64 patients The paralyzed muscle units reported 
include 350 m the lower extremity and 106 m the upper extremity All muscles 
should have three months of careful and painstaking protection and treatment com- 
parable to that given in cases of peripheral nerve lesions At the end of such a 
three month regimen a prognosis of recovery can be arrived at, for the muscles 
can then be divided into three categories (o) Muscles which have not recovered 
30 per cent of power in three months No return of useful power is to be expected, 
and these make up the permanently paralyzed extremities (b) Muscles which by 
this time have 80 per cent or more power and can be counted on to function satis- 
factorily W'lthout further treatment except general supervision (c) The group 
which has demonstrated some return of power and has a three month level of 
30 to 75 per cent These muscles have potentiality for further recovery to a point 
where useful function can be restored and are the important ones as far as further 
active treatment is concerned No appreciable recovery continues beyond eighteen 
months even under ideal conditions, but untreated or madequately treated muscles 
have been salvaged by this regimen as late as six to ten years after the acute 
attack, indicating a previous nerve recovery which had been masked or nullified by 
the overstretching or ovcrfatigue of the muscle or by opposing contracture 

J A M A - 

Subarachnoid Administration of Pyridoxine Hidrochloride in Diseases 
or THE Nervous System Simon Stone, J Nerv & Ment Dis 100 185 
(Aug) 1944 

Stone review s the literature on the uses of pyridoxine in treatment of various 
diseases of the nen'ous system and reports its effect in a number of cases when 
introduced intrathccally Pyridoxine hydrochloride in 30 to 50 mg doses mixed 
with 8 to 10 cc of spinal fluid was introduced into the lumbar sac of 26 patients, 
without any untow'ard results Intrathecal administration is preferable to other 
methods because the solution can be placed in greater concentration and in closer 
contact with the affected nerie roots and iiivoKed areas in the spinal cord 

In almost all cases there was improicment in the feeling of w'cll-bemg of the 
patients and in their behavior in the ward Specific impro\ement w'as produced 
in the abnormal moiements of Sjdeiilnm’s chorea, in the rigidity of postencepha- 
itic parnljsis agitans, m the weakness and muscular tenderness of peripheral 
neuritis, ui the weakness and contractures of anterior poliomj elitis, in tlie weak- 
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ness and paresthesias of infectious meningomycloradiculitis and in the spasticity and 
hyperreflexia of multiple sclerosis 

The beneficial results are probably due to the fact that diseased nerve tissue 
requires greater amounts of thiamine and pyridoxine for proper metabolic function 

CiiODOrr, Langley Field, Va 

Studies of Fibrin Foam as a Hemostatic A.glnt in NruROstiRCERi, with 
Special Reference to Its Comparison mith Musclf Franc D Ingram, 
Orville T Bailet and Frank E Nuisfn, J Neurosurg 1 171 (May) 1944 

A completely satisfactory hemostatic material for neurosurgical work should 
produce prompt control of bleeding, should gi\e no (or very slight) tissue reaction 
and should not cause the formation of antibodies The authors report the results 
of a number of experiments showing the superiorit\ of fibrin foam and thrombin 
to other agents 

The escape of a large amount of thrombin into the cerebrospinal fluid is not 
followed by any serious reactions As compared with muscle thromboplastin, 
soaked fibrin foam appeared to hare the following advantages 1 It produces far 
less tissue reaction 2 The supply is Mrtuallj unlimited 3 An excess is 
innocuous 4 It can be molded to conform to the contour of the bleeding surface 
5 If dislodged free m the ventricle, it can be absorbed 6 Its use is superior in 
large bleeding channels, wdiere a large plaque is required 7 It is usable w'here 
muscle could seldom be used thus saving much time at operation 

There is a considerably greater tissue reaction to black silk and bone wax tlian 
to fibrin foam Furthermore, fibrin foam is better tlnn soluble cellulose in that 
(1) the foam structure holds the thrombin better than the fibrillar cellulose, (2) 
the fibrin foam is more readilj cut into adaptable shapes and will better retain the 
contours of the bleeding surface , (3) it is more quickly and pcrmanentlj adherent 
to the bleeding surface ^ ^ _ Plnladelphia 

Gross Intracfrebrai Hematomas Report of Ifi Surcicaiit Treated C\ses 
W B Hambv, New York State J Med 45 866 (April 15) 1945 

Hamby says that, while the commoner tjpes of intracranial hemorrhage are 
W'ell known, spontaneous, limited, removable intracerebral hematomas are less 
familiar He reports 16 cases of gross intracerebral hematomas that were drained, 
with recovery in 14 cases and death in 2 cases Cases of hemorrhage due to 
cranial injury with skull fracture hav'e not been included in this series One of 
the 2 deaths was due to massive pulmonary atelectasis and the other to a fatal 
recurrent hemorrhage from a ruptured aneurysm of a major cerebral vessel In 
7 cases the hematoma was associated with cerebial arterial disease and m 5 cases 
w’lth intracerebral neoplasms (metastatic in 3 cases, meningioma in 1 case and 
astrocytoma in 1 case) In 1 case the hematoma was prov'ed and in 3 cases it 
was suspected to be due to a ruptured aneurysm of major blood vessels In 1 
case there was delayed post-traumatic intracerebral hemorrhage 

J A kl A 

Osteomyelitis or the Skull Its Treatment with Penicillin and Repair 
OF THE Defect with Tantalum M T Schnitker and W D McCartnev, 
Surgery 18 94, 1945 

Schnitker and McCartney report 3 cases of acute spreading osteomyelitis of 
the frontal bone They believe that penicillin has revolutionized the therapy of 
osteomyelitis of the skull of sinal origin It overcomes the infection rapidly, 
limiting its spread and thus permitting early operation, wuth primary closure of 
the wound The authors use a corneal incision and close the wound primarily 
without packing, instead of employing the classic mv'erted T incision and open 
packing of the wound, thus avmiding a defoiming scar of the forehead The 
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wound IS irrigated with solutions of penicillin through a catheter left in the 
incision It IS felt that penicillin should be regarded as a bacteriostatic agent 
It limits the spread of infection and permits early removal of the infecting mdus 
In a few cases recovery occurred after use of penicillin alone, usually in the 
absence of sequestration 

The infection (nonhemolytic staphylococcus) in the first case reported was well 
controlled with penicillin but could not be eradicated with this drug The infection 
was apparently cured on two occasions but recurred with cessation of treatment 
with penicillin, which had been administered in doses of 240,000 units daily A 
rapid recovery was made after the entire skull anterior to the coronal suture was 
removed in one piece A tantalum plate was used to repair the resulting defect m 
the frontal bone and was inserted sev^en months after the initial operation 

In the second case osteomyelitis of the frontal bone (aerobic nonliemolytic 
streptococcus and nonhemolytic Staphylococcus albus) had not responded to sul- 
fonamide therapy and local operations on the sinus Twelve daj^s after the begin- 
ning of penicillin therapy (200,000 units daily) the infection was apparently 
controlled, and the entire osteomyelitic area was removed through a coronal 
incision in one piece The defect was repaired with a tantalum plate, inserted six 
months later 

In the third case osteomyelitis of the frontal bone was controlled with prolonged 
penicillin therapy and external, radical excision of the frontal sinus In this case 
there was evidence of a mass lesion involving the left frontal lobe Repeated 
exploration of this area with the needle gave negative results, and it was con- 
cluded that edema of the brain underlying the osteomyelitis was the cause of the 
symptoms oE cerebral abscess Shcnkin, Philadelphta 

ADRHXALrCTOMV IN HyPEUIRICHOSIS WITH kICNTAL CHANGES R GrEENE, A S 
Paterson and G C L Pile, Brit M J 1 698 (May 19) 1945 

Greene and his associates report the case of a woman aged 25 who had hyper- 
trichosis associated with mental changes, which gradually resolved after adrenalec- 
tomy The psychologic changes preceded the external physical changes When 
first seen, she was drifting into a tense hypochondriacal state The removal of 
most of the causes of her anxiety did not bring about her recovery Only after 
operation was she set on the road to recovery -r * . 

JAMA 

Intraoral Splint tor Facial Palsy A G Allen and D W C Northfield 
Lancet 2 172 (Aug 5) 1944 

Allen and Northfield describe a new form of splint to prevent stretching of 
paralyzed facial muscles by antagonists and gravity This device is an intraoral 
plastic hook foi the corner of the mouth It is anchored to an artificial plate if 
tile patient is edentulous or against the natural teeth Each splint is fitted to the 
individual patient by previously obtaining a plaster impression of the corner of the 
mouth The advantages of tins splint he in its lack of irritation, its inconspicuous- 
ticss and its stabiliW when in place 

^McCarter, Boston 
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CHICAGO NEUROLOGICAL SOCIETY 
Ben W Lichtenstein, MD, President, in the Chair 
Regular Meeting, Oct 9, 1945 


Neurinoma of the Twelfth Nerve Dr Ernst Haasc 

Neurinoma of the twelfth nerve is a rare tumor I found reports of only 
4 cases 2 of extracranial and 2 of intracranial tumors Friedman and Eisenberg 
(Anil Surg 101 834, 1935) and Capella (Rev di chxr 2 169, 1936) successfully 
removed neurinomas of the hypoglossal ncrie in its extracranial course ® 

case was one of generalized familial neurofibromatosis De Martel vlyod; 
operated on a tumor in the intracranial course of the hypoglossal nerve the 
growth being attached to the canalis hvpoglossi Bailey, Buchanan and Bucy 
reported the case of a typical neurinoma of the right hypoglossal nerve deeply 
indenting the bulb, in addition, tliere were neurofibromatous in\ohement of many 
peripheral and sympathetic nerves and of the extracranial portions of the ninth 
to tlie twelfth nerve, spongioblastoma of the optic chiasm, astrocytoma oi the 
cerebellum and gliomatous nodules in, the cerebral and cerebellar cortex 

In my first case the tumor was not correctly diagnosed because tlie clinical 
picture was confusing, showing, in addition to atrophy of the left half of the tongue 
with fibrillation, Argvll Robertson pupils and involvement of the left trigeminal, 
facial and acoustic nerves and the right accessory nen'e, as uell as spastic paresis 
and sensory disturbance of the right side of the body and diminished appreciation 
of pain and temperature on the left side between the second cervical and t e 
eleventh thoracic nerve Necropsy showed a neurinoma of tlie left hypoglossal 
nerve almost completely filling the foramen magnum invading the occipital bone 
and extending laterally to the internal acoustic meatus Unfortunately', the spina 


cord w'as not examined 

In the second case, in which the correct diagnosis was made and operation 
performed by Dr Bucy, a roentgenogram of the base of the skull revea e 
erosion of the occipital bone around the left canalis hy'poglossi The patient ha 
complained of a tickling sensation in the throat, coughing and choking on 
sw'allowing, dizziness and pains in the left suboccipital region The left ha 
of tlie tongue was atrophic and fibrillating, the left glossopharyngeal and acces- 
sory nervCs were slightly involved Tw'o tumors of the intracranial portion o 

the left hypoglossal nen'e were removed and found to be neurinomas 

\ 


DISCUSSION 

Dr George B Hassix Some features of Dr Haase’s cases pertain to 
involvement of the ninth, tenth, eleventh and twelfth cranial nerves, especially 
in the second case, in the first case the involvement was less extensive Combine 
extracranial involvement of the aforementioned nerves, of all or of several o 
them only, ahvays indicates, in my opinion, a surgical condition in the form 
of a foreign body or a tumor Such a lesion may be suspected and located even 
before roentgenographic examination has been made I know of a case m whic 
the last four cranial nerves W'ere affected by a calcified lymph node of the nec 
at the jugular foramen Nothing could be palpated or visualized, and only uie 
history and the clinical picture of the syndrome of the jugular foramen, tha 
IS, involvement of the ninth, tenth, eleventh and twelfth nerves, suggested pressure 
by a lymph node This diagnosis was borne out by' roentgenographic examination 
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and subsequent operation A number of contributions have appeared in which the 
cause of the syndrome of the jugular foramen was a bullet, but few in which the 
cause was a tumor, as recorded by Dr Haase The lesion may not be demonstra- 
ble, but, as has been stated, it may be suspected on the basis of the combined 
involvement of some of the four last cranial nerves 

There are certain features in the first case of Dr Haase which I cannot 
understand The Argyll Robertson pupil and other signs of involvement of the 
central nervous system certainly had nothing to do with the implication of the 
cranial nerves unless there was pressure on the medulla Dr Haase may be 
able to explain them 

Dr Ernst Haase I do not think I can explain these symptoms Had the 
spinal cord been examined, an explanation might have been found 

Cerebral Thromboangiitis Obliterans Dr George Ferret 

Of a series of 9 verified cases of cerebral thromboangiitis obliterans, 1 in 
which the diagnosis had been made clinically was presented and discussed A 
woman aged 42, of Irish descent, had had transient headaches, attacks of diplopia 
and difficulty in reading for four years, the symptoms following a slight infec- 
tion of the upper respiratory tract Later she had bilateral defects of the 
visual fields, more severe attacks of diplopia, transient paresthesias on the left side 
and an episode of aphasia, still later, she had repeated attacks of paresthesias 
and progressive speech and reading difficulties When hospitalized in March 1945, 
she had right homonymous hemianopsia , hesitancy of speech , complete alexia, 
being able only to spell out words, increased deep reflexes on the right side, 
and changes of personality Except for a mottled appearance of the extremities she 
had no other peripheral vascular disturbances Roentgenographic studies of the 
skull, spinal puncture and clectroencephalographic examination revealed no 
abnormalities, the blood pressure was 150 mm of mercury systolic and 90 mm 
diastolic Ventnculographic studies showed dilated ventricles and enlarged sub- 
arachnoid spaces, and a diagnosis of cerebral thromboangiitis obliterans was made 
This W'as verified at operation An osteoplastic craniotomy on the left side 
exposed a thickened and opaque arachnoid wnth large subarachnoid spaces and 
numerous small, wdiite, stringhke vessels, wdiich were completely obliterated, 
distributed over the frontal and parietal lobes The underlying gyri were yellow 
and atrophied An obliterated artery was removed for microscopic study 
The vessels w'cre completely occluded with proliferated endothelial and 
subendothclial connective tissue, and only a few small recanahzed channels 
were present There was no sign of fresh inflammatory reaction, and the internal 
clastic membrane w'as intact The lesion was confined to the inner layer of 
the vessel The surrounding arachnoid was fibrotic as a result of earlier peri- 
vascular infiltration The obliterated vessels were small arteries, scattered over 
the entire cortex Tliej’’ were much smaller and more elastic than arteriosclerotic 
^csscls and failed to show the characteristics of periarteritis nodosa The dis- 
turbance of blood supply to the various cortical areas affected resulted in cortical 
necrosis and atrophy The transient symptoms favor the hypothesis that angio- 
spasm IS the ctiologic factor in producing the changes in the endothelial cells No 
known therapy has been reported for this type of thromboangiitis obliterans 
Spatz, Lindenbcrg, Foerster, Scheinker and others ha\e reported similar cases 
in which the condition w'as recognized at autopsj 

niscossiON 

^ 1 ■ ocK It IS useful to prcsciit cases of a tjpe which afford so 

much diflicultN m diagnosis I am grateful to Dr Ferret for reporting the 
existence of cerebral thromboangiitis 

^I^ICTOR E Gox'n \ I u ondcr w hetlier an arteriographic examination 
won a lielp in the diagnosis;, I should like to ask whether this was tried and, if 
*^ 0 , whether it wa': successful 
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Dr Richard B Richtfr I wish to ask Dr Ferret whether he believes that 
the vascular lesions in cases of cerebral thromboangiitis obliterans are similar 
etiologically to those o^ the peripheral type and whether he thinks that the 
vascular lesions, in some cases at least, may not be the consequence of an infectious 
or a toxi-infectious process It is perhaps significant that the symptoms in 
Dr Ferret’s first case began aftei an infection of the upper respiratory tract 
The infectious or toxic origin of this type of vasculitis might well be diverse, 
rather than specific For example, several vears ago I described the case of 
a boy 14 who died four months after a typical attack of poliomyelitis, which 
occurred during an epidemic of the disease Fathologically, in addition to 
inflammatory reactions and neuronal destruction in the spinal cord and brain 
stem, which were consistent with a diagnosis of pohomvehtis, there w’ere wide- 
spread productive changes in the walls of the smaller arteries of the brain and 
cord These were chiefly in the intima of the vessels and were sufficiently great 
to occlude some of them and so lead to foci of softening 

Dr R F Mackav What percentage of the 9 patients reported were 
women’ It is knowm that peripheral thromboangiitis ^is rare among women 

Dr Ben W Lichtexsteix I enjoyed Dr Ferret’s presentation, but I 
wish to point out that verification of the diagnosis of cerebral thromboangiitis 
obliterans is a problem foi the histopathologist The microscopic sections shown 
on the screen do not reveal any evidence of angiitis, that is, inflammation within 
the component portions of the blood vessel The lesion presented may have been 
healed, but the fact that the tunica elastica appears intact makes it improbable that 
any severe inflammation was present at anv time The tlirombosis maj have 
been the result of anj one of manv other disorders 

Dr George Ferret In answer to Dr Gonda Sorgo has published reports 
of cases in which cerebral aitenographic examination gave evidence of obstruc- 
tion of vessels 

In reply to Dr Richter In some of the cases symptoms followed a historj' of 
infection, in others thev did not One woman gave a history of falling while 
skiing, and shortl) thereafter paresthesias developed, which were not related to 
the site of her injur j It is possible that infecbous processes may be an etiologic 
factor in thromboangiitis obliterans Spatz also reported cases in which vascular 
symptoms developed aftei infectious diseases, but at no time could he prove the 
presence of organisms or of other manifestations of infection in the vessels or the 
perivascular tissues He expressed the belief that cerebral thromboangiitis 
obliterans w^as a primary process wdneh occurred in the cerebral vessels and 
produced the same changes as those in the penjiheral vessels of the extremities 

In the present series 4 of the patients were vvomen and 5 W'ere men klj 
colleagues and I have also seen cases of peripheral thromboangiitis obliterans in 
women We have been able to help patients vvith this condition by performing 
lumbar sympathectomies This operation is helpful in the peripheral type of this 
disease I do not know'’ whether cenncal sympathectomy, as suggested bj' Foerster, 
would help the cerebral type 

The slides were studied by competent pathologists, and all agreed as to the 
presence of proliferated endothelial and subendothelial connectiv'c tissue which 
completely obliterated the lumen of the vessels, as is characteristic of thrombo- 
angiitis obliterans I refer Dr Lichtenstein to the beautiful photomicrographs 
published by Spatz and Lindenberg, which are similar to those I showed tonight 
I am sorry I do not have any slides illustrating the early pathologic changes in the 
vessels , it was found better for the patient to remove for study only completely 
■obliterated vessels 

Contractures Following Experimentally Produced Lesions o£ the Periph- 
eral Nerves Dr Irving C Sherman 

This report deals with the development and treatment of contiactures in the 
muscles of the cat s leg following experimentally produced lesions of the sciatic 
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nerve without the complication of any contiguous injury In general, tliree types 
of lesions of the sciatic nerve were available (a) dener\ ation , (b) primary suture, 
and (c) delayed suture, i e, secondary operation performed sixty days after the 
original section, with suture of the nerve The following therapeutic regimens 
w'ere carried out (a) no treatment, (Jb) massage and passive motion for five 
minutes daily, (c) massage, passive motion and electrotherapy for fi\e minutes 
daily, and {d) massage, passive motion and electrotherapy for fifteen minutes daily 
All treatment was given under the constant supervision of an approved phj^sical 
therapeutist 

Contractures developed in the denervated muscles in 100 per cent of cases if they 
were maintained m a shortened position for from fort 3 '-five to one hundred and five 
days Treatment did not influence this After section of the sciatic nerve and 
suture, without immobilization, contractures developed frequently in one or more 
muscles below the knee Ninety days after primary suture the incidence of con- 
tractures was 842 per cent, after delayed suture it w'as 100 per cent Con- 
tractures were most frequent in the dorsiflexors of the foot because of the 
spontaneous maintenance of. a shortened position w'hen the animal rested 
Contracture in one group of muscles tended to prevent it in opposing muscles 

In untreated animals contractures of the dorsiflexors of the foot w'ere less 
frequent, less severe and less persistent after primary suture than after secondar}’’ 
suture , w ith the former the peak frequency w^as 47 1 per cent after ninety days, 
and with the latter, 72 7 per cent after Wty-five days Massage and passive 
motion definitely decreased the frequency and seventy of contractures after primary 
suture, the peak frequency being 21 7 per cent after sixty days After delayed 
suture, similar treatment seemed to delay development of the peak frequency at 
forty-five days and undoubtedly decreased the severity of the contractures 

Addition of electrotherapy to massage and, passive motion delayed .the appear- 
ance of contractures in animals w'lth primary sutures , however, after sixty days 
It seemed to nullify the influence of massage and passive motion The longer the 
period of electrotherapy, the more closely the frequency and severity of contrac- 
tures approximated those for untreated animals, in general, electrotherapy for 
animals w'lth delayed suture had no beneficial influence Furthermore, it favored 
development of contractures in the unparalyzed antagonists of paralyzed muscles 

Spontaneous movement after recovery of function was as good as, or better 
than, any form of artificial treatment After delayed suture residual contractures 
were similar in frequency and severity in treated and in untreated animals Con- 
tractures were more frequent if the extremity was immobilized than if it was 
permitted to be free 

DISCUSSION 

Dr Victor E Gonda Would Dr Sherman tell us what type of electrical 
treatment was used^ Had the status of degeneration been determined by testing 
with clectricitj for reaction of degeneration^ 

Dr Percival Bvilev Does Dr Sherman have anv explanation of the 
increased contracture after electric therapy^ 

Dr L J Pollock May I presume to answer the last question, which is 
concerned with electrodiagnosis ^ Dr Sherman’s report is part of a studj which 
inv colleagues and I have made on experimentally produced lesions of peripheral 
nerves in cats This investigation included studies of motion, sensation, atropliv 
and fibrillation, as well as the orthodox methods of electrodiagnosis From this 
there has developed an accurate method of studv in kinetics of stimulation of 
muscles It follows, therefore, that we have ample data on reaction of degenera- 
tion There is no correlation between contracture and the kinetics ol stimulation 
We do not have anv data which would explain the incidence oi a greater number 
ol contractures m elcctricallv treated animals We have observed that spontaneous 
ilbiill itioii continues for a longer period in animals so treated 

Dk Gi oi'GF PiRLiT I should like to ask whether there is anv relation between 
thv eontneied muscles and the ankvlosis of the joints 
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Dr Irving C Shervian In reply to Dr Ferret’s question Each animal 
was carefully examined after death The tendons about the joint were divided, and 
if complete mobility of the joint could not be obtained the animal was discarded 
Furthermore, the joints w'ere examined for gross pathologic changes 

I cannot answ^er Dr Bailey’s question as to the effect of electrotherapy on the 
frequency and severity of contracture It may be clarified by histologic studies 
Dr Gonda asked what type of electrical treatment was employed A 60 cycle 
alternating current was used A mechanical appliance rvas set up so that the 
stimuli were deln ered at regular intervals, in order to produce a good contraction 
of the muscle In the group treated for five minutes daily 12 stimuli w'ere given 
per minute, in the animals treated for fifteen minutes 40 submaximal tetanic 
contractions w'ere produced each minute, to conform to the type of treatment 
given by Guttmann and his group 

The Brain After Intermittent Exposure to Simulated High Altitude 
Dr Arthur V Jensen and Dr William F Windle 

The present study w’as undertaken to determine possible effects on nerve cells 
of exposure to tolerably low' partial pressures of oxjgen intermittently o\er rela- 
tively long periods Young adult male guinea pigs W'ere subjected to a simulated 
altitude of 23,000 feet (7,600 meters) six hours a day for six days a week until 
they had accumulated totals of one hundred, tw'O hundred, three hundred and fiie 
hundred hours in a decompression chamber At appropriate periods experimental 
animals and controls were killed This was done, with the animal under pento- 
barbital anesthesia, by perfusion through the vascular system of a dilute concentra- 
tion of solution of formaldehyde U S P , in order to obtain fixation of the 
nervous system and other organs in situ The brain was removed and placed in 
fixing fluid for several days It w'as sectioned serially and every tenth section was 
stained with an improved buffered thionme technic at a pn of approximately 4 5 
In some experiments the Weil method for myelin sheaths was employed 

Animals gained weight throughout the period of the experiment and exhibited 
no symptoms of cerebral damage Acclimatization took place, the number of red 
corpuscles and the hemoglobin value of the blood increasing significantly after two 
hundred hours 

Careful comparison of sections through the brains of experimental animals and 
of the controls revealed no hemorrhages, vascular changes or glial proliferation 
No cytologic alterations in nerve cells could be seen No reduction in the number 
of nerve cells could be detected by inspection No changes in the myelin sheaths of 
nerve fibers and no abnormalities in the fiber tracts of the brain were observed 
Further experiments are in progress to study possible effects of exposure to even 
lower partial pressures of oxygen, and one of these has been completed Guinea 
pigs intermittently subjected to an altitude pressure simulating 23,000 feet for one 
hundred hours and then to an altitude of 30,000 feet (10,000 meters) for another 
one hundred hours showed no overt symptoms of injury to the brain, although 
1 animal exhibited transient vestibular signs Four of the animals were studied 
histologically Each had focal areas of necrosis in the cerebellum No generalized 
cytopathologic change was exhibited 

DISCUSSION 

Dr William F Windle We fully expected to see pathologic changes in 
animals exposed to an altitude of 23,000 feet Dr Becker and I had studied the 
effect of asphyxia in the newborn and had clearly demonstrated not only marked 
cytopathologic changes, but also gross lesions, correlated with changes in behavior 
and in learning ability That was the background with' which Dr Jensen and I 
entered this study We have not put our altitude animals to psychologic tests, 
although we plan to do so We observed no overt changes in behavior even after 
exposure to an altitude of 30,000 feet, with the sole exception of the animal that 
rolled onto its side The animals were apparently normal Histopathologic 
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changes, we are convinced, are not present We could find nothing with the fairly 
i\ell controlled methods We do not hold that there are not some, perhaps 

chemical, changes ^ ^ j i, * 

I do not doubt there is some impairment while the animals are at altituae, out 
when they are down one cannot see anything Of course this study concerned 
guinea pigs We are aware of the obsen'gtions of the air corps , they are dealing 
with men We were surprised not to observe hemorrhages and other changes, but 
we are reporting what we found at 23,000 feet that is ^nothing 


Ben Lichtenstein, M D , President, in the Chair 
Regular Meeting, Nov 13, 1945 

Cerebral Schistosomiasis Report of a Case Dr I Joshua Speigel 

Acute Myelitis Clmicopathologic Study of a Case Dr George B Hassin 

and Dr Sa.muel B Broder 

A frequent cause of acute paraplegia may be acute myelitis, as is evident in 
the case reported here A white man, aged 46, complained of weakness m the 
legs following an acute infection of the upper respiratory tract Since the 
neurologic examination revealed no abnormality, his condition was thought to be 
functional , and after hypnosis and galvanic stimulation he was able to return to 
work Six weeks later there suddenh developed paraplegia and urinary and fecal 
incontinence, as well as a sharp sensory level for all modalities at the eighth 
dorsal dermatome and hyperthermia (105 F ) Repeated spinal punctures revealed 
leukocyte counts varying from 10,700 to 28,000 cells, a positive Bandy reaction 
and normal dynamics Since penicillin and sulfonamide drugs failed to lower his 
temperature permanently and since an epidural abscess was suspected, a laminec- 
tomj w'as performed, with negative results The patient died on the forty-second 
postoperative daj 

Histopathologic observations revealed dense infiltrations of some blood vessels 
in the gray and especially in the white substance of the spinal cord with lympho- 
cytes and plasma cells, and of other vessels with compound fat granule corpuscles, 
there were scattered areas of softening and necrosis, with vast disruption of the 
white substance in areas which weie especially involved, such as the thoracic. 
The nen^e cells of the gray matter lemained unaffected, while the meninges were 
for the most part infiltrated w'lth lymphocytes The subarachnoid space and some 
spinal roots, especially at the level of the softened segments of the spinal cord, 
were packed with compound fat granule bodies The changes were comparatively 
mild in the cervical and sacral segments of the spinal cord, and in the medulla, 
brain stem and cortex they were mostly proliferative (productive), in the form 
of newly formed capillaries 

Of the changes described, the inflammatorj’’ ones (myelitis) were primary, 
and on them were superimposed tliose of softening and necrosis, w'hich were either 
the sequels of toxemia or tlie manifestation of an anaphylactic reaction of the spinal 
cord to an infection (evident! j’’ respiratorj) 

Return of Sensation After Denervation and Regeneration of Sutured 
Nerves Dr Eli L Tig\i, Dr Maurice A Schiller and Dr Iroxg 
C Shermax* 

Iinmediateli after seierance of the nerie there is a loss of touch sense and, 
to a less degree, of temperature sense o\er the area of anatomic sensory supplj 
\\ ithin this area is a narrow intermediate zone, adjacent to the border in which 
pinprick and extremes of temperature arc felt The remaining central zone is 
complctelj inscnsitnc Head and his group expressed the belief that this pattern 
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of sensory cliEngc is clue to morpliologicslly different systems in the afferent psth- 
way— one serving epicntic and the other protopathic sensation Preservation of 
pain sensation in the intermediate zone of about 1 cm width is due to dual 
innervation from adjacent nerves, as shown by Woolard, Waddell and Harpman 
For a period after nerve section, the recovery of pain sense within certain areas 
of the anatomic supply may occur as a result of overlap, as described by Pollock 
He found that this sensation returned by shrinkage of the analgesic area as time 
progressed Later, Weddell, Gutmanii and Guttmann demonstrated that thi^ 
shrinkage is due to the ingrowth of nerve fibers from surrounding normal nerves 
Thus It IS seen that the early return of pain sense within the anatomic border of 
the severed nerve is not due, as proposed by Head, to an accelerated regeneration 
of protopathic fibers but is the result of an ingrowth of uninjured adjacent nerves 

That area of skin which remains analgesic, however long the period which 
has elapsed after denervation, was designated the isolated supply of the nerve 
Sensation returning w'lthin this area could occur only as a result of regeneration 
of the injured nerve 

In denervations of the sciatic nerve m cats the recoverj of pain sensation as a 
result of overlap can be demonstiatcd This occurs within the borders of the 
anatomic sensory supply when no regeneration is possible As in man, so in the 
cat — recovery of sensation resulting from regeneration is often characterized bj 
relatively large areas of skin becoming imperfectly sensitive, in contrast to the 
shrinkage of areas of analgesia resulting from ner\e o\erlap 

A suture delayed for sixty dajs after section results in delay in beginning 
of recovery of sensation, incompleteness of recovery or, m some cases, failure of 
recovery 

One Component of the Extrapyramidal System Dr W S McCucloch, 
Dr Ruth Rhines and Dr H W Magoun 

By strychnimzing the cortex and iccording the electrical activity of the brain 
stem of the monkey, a pathway haj been found to arise from area 4-S and 
diverge from the corticospinal tract in the pons to reach the bulbar reticular 
formation Electrical stimulation of the bulbar reticular formation in the cat and 
monkey has been found to exert a general inhibitor} influence on motor activity, 
w'hether induced reflexly from the brain stem in an animal with decerebrate 
rigidity or from the motor cortex This influence appears to be mediated b> 
reticulospinal connections descending in the anterior portion of the spinal cord 
As IS evident from its physiologic properties, this corticobulboreticular and 
reticulospinal pathway is an extrapyramidal system mediating relaxation 

discussion 

Dr Percival Baiiet I wonder w’hether the societ} realizes the importance 
of this contribution It is the first time an extrapyramidal system has been pinned 
down, classified and defined 


PHILADELPHIA PSYCHIATRIC SOCIETY 
0 Spurgeon English, M D , Presiding 
Regular Meeting, Oct 72, 1945 

Evaluation of Results of Electric Shock Treatment of the Psychoneuroses 

Dr Martin H Robinsox 

This study w^as carried out in an attempt to determine w'hether electroconvulsive 
therap} has any place m the treatment of the psychoneuroses Sixty-six cases were 
included 19 cases of reactive depression, 34 cases of anxiety state, 5 cases of 
conversion hysteria, 6 cases of obsessive-compulsive neurosis a'nd 2 cases of hypo- 
chondriasis Remissions occurred in 21 per cent of all cases This number 
included cases of reactive depressions and anxiety states Improvement W'as 
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observed in 54 per cent of the total number of cases The precipitating factors 
included marital discord, sexual problems and disruption of the home 
Conversion hysterias and hypochondriases were least benefited 
Obsessive-compulsive states showed some significant improvement, and it is 
felt that a longer series of electric snock treatments is required in cases of this 
disturbance The most frequent symptoms noted in the series were depression, 
anxiety, somatic pains, insomnia and lack of interest Electroconvulsive therapy 
was most helpful in removing affective distress It also made the patient more 
accessible to psychotherapeutic efforts 

The treatment of ps 3 'choneuroses has no specific measures or any short cuts 
The symptoms are often incapacitating and long drawn out Electroconvulsive 
therapy is worthy of consideration in that it removes many of the affective dis- 
abilities, shortens the period of disablement and makes the patient more amenable 
and accessible to psj'chotherapeutic efforts 

DISCUSSION 

Dr J C Yaskin This is an important paper, considering that most extra- 
mural psychiatric patients are psychoneurotic Any aid one can obtain in shorten- 
ing the period of psychotlierapy is very useful Dr Robinson’s presentation is 
factual At least, his results correspond with those obtained in patients who have 
come under my onn observation A few comments may be pertinent I believe 
that electric shock therapy will relieve depression, certain types of anxiety and 
certain tension situations and that there will be an improvement in the sleep cycle 
I do not believe that electric shock therapj’’ will influence one iota the fundamental 
disorder of the psychoneurosis, the compulsive-obsessive neurosis or the anxiety 
hysterias, which constitute 65 per cent of all psychoneuroses I believe that in the 
treatment of patients who have become extremely depressed and suicidal one has 
the choice of prolonged narcosis, prolonged hospitalization and shock therapy 
Dr Robinson has already said that electric shock therapy does not take the place 
of psychotherapy with these patients 

I am not altogether in agreement with Dr Robinson regarding the large per- 
centage of patients with reactive depressions It is hard for me to conceive that 
19 of some 60 patients had reactive depressions In my experience, most psycho- 
neurotic patients have proved rather to have manic-depressive psychosis, and they 
have been amenable to electroconvulsive treatment Some have proved to be 
schizophrenic I do not believe that many patients with an obsessive-compulsive 
state are benefited, but I should like to caution that many patients with so-called 
obsessive-compulsive psychoneurosis have actually a manic-depressive psychosis, 
depressed type, with compulsive trenas If a person has no symptoms up to the 
age of 35 and there then develops a depression with compulsive trends, this is not 
an obsessive-compulsive neurosis Such patients will receive considerable benefit 
from shock therapy 

Lastly, I should like to emphasize that electric shock therapy should not be 
used with psychoneurotic patients amenable to other forms of psychotherapy If 
the patient can keep her job or do hei housework, it is better to resort to psycho- 
therapy than to take a short cut, which is not a permanent cure 

Dr Herbert Freed I agree wit’n Dr Yaskin that this procedure should be 
an aid to treatment and not the essence of therapy If the patient can work or 
make a social adjustment, he should not be institutionalized Patients cannot be 
given psychotherapy while they are in the midst of a depression or while caught 
in the throes of anxiety 

It has been my experience that in certain cases shock therapy will remove a 
sufficient quantity of depression or anxiety to make a therapeutic interview 
feasible Kahnowsky claimed that he did not obtain good results m patients with 
anxiety neuroses Dr Robinson reports that the results were satisfactory in a 
fairly high percentage of patients I, too, have had some good results m a smaller 
series 
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I should emphasize again that tne foundation for permanent results m treat- 
ment of these entities lies m giving the patient insight into the basis of his anvietj , 
such as repressed hostility or aggression, an insight which can come onl> with 
psychotherapy 

Dr Charles I Olier The impression I have gained from my rather limited 
experience with psychoneurotic patients treated with electric shock is that they 
have not been much benefited by it The usual story, particularly with psychas- 
thenic persons, is that after a little they are right back where they started I 
wonder whether the mere fact that the psychoneurotic patient is hospitalized for 
four or five weeks — that he is away from home, family and usual responsibilities, 
does not of itself contribute to the improvement that is seen Along the same lines, 
I wonder whether electric shock therapy applied on an ambulatorj basis to such 
patients would not give similarly favorable results 

Dr S DeWitt Ludlum I hesitate to say what I think about it It would 
take too long It seems to me that the reality could be better understood in the 
light of experiments reported by Gellhorn He thinks that shock treatment works 
on the autonomic nervous system He trained rats to conditioned reflexes When 
he gave them electric shock treatments, they lost their newly conditioned reflexes 
and reverted to their normal reflexes In the case of the patient with a mental 
disease, his symptoms represent a new conditioning If something can be done to 
blot this out, he will revert to his original conditioning A change is produced in 
the blood proteins, in the blood pressure and the temperature and in thd mental 
symptoms It occurs in rats, and it occurs in people There is a physiologic 
basis, and when through electric shock therapy the patient is made to revert to 
his original conditioning he has normal thinking These physiologic symptoms 
of conditioning provide a method of measuring the number of shocks necessary to 
return the patient to his normal physiologic state 

Dr Leslie R Angus, Hartford, Conn Two questions come to mind The 
first concerns the way in which the psychotherapy was used Was an attempt 
made to give it m the immediate postshock state, when the patient was more recep- 
tive to therapy, or was it carried out consistently over the period between the 
shock treatments’ 

The second question is a practical one, based on the fact that some of the 
patients coming for psychiatric treatment have read articles in the newspapers' 
and magazines and demand shock therapy In cases in which there is doubt as 
to the advisability of the treatment, one of the factors in arriving at a decision is 
whether the treatment, if used, would do harm In the present series, were 
there any adverse effects from catrying out the shock therapy over a long 
period’ Dr Robinson did not mention any, even when patients had received 
over twenty treatments Did any spontaneous convulsions follow the shock treat- 
ment’ 

Lieut Robert Kimmick, M C , A U S I have little to add except that 
the situation is somewhat different at the Army general hospital with which I 
am associated We have selected pretty carefully only psychotic patients A few' 
psychoneurotic patients have come under treatment, w'lth only fairly satisfactory 
results It is mainly the depression and agitation of the patients that seem relieved 
The more basic patterns remain The few patients treated with only partial 
improvement had reactive depressions The reactive depressions, as a rule, have 
cleared up rather quickly without shock therapy because of the causative factors 
m the Army setup 

Dr Martin H Robinson I want to thank all the discussants for their 
interesting and valuable comments I agree that this treatment is most effective 
in patients showing pronounced affective disorders I believe that electric shock 
treatment will lift them out of that 'tate and put them in a frame of mind in 
which psychotherapy can do something for them Dr Yaskm raised the question 
whether the percentage of cases of leactive depressions was not rather high 
At times it is difficult to differentiate between reactive depression and manic- 
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depressive psychosis, depressed type I am beginning to feel that it does not 
matter which of the two labels is applied 

With respect to the obsessive-compulsive neuroses, the series presented w'as 
rather short, but from my experience there does not seem to be any very effective 
treatment for this disorder Psychoanalysis, peihaps, w'ould offer some hope 
Psychoanalysts thcmseKcs are cautious m their predictions Another measure 
being used is prefrontal lobotomy', but I think electric shock should be tried 
before anytliing so drastic as that is carried out 

Dr Freed, in a sense, agrees tnat the treatment is valuable in. the acute 
emergency, w'heii the patient becomes a problem at home , if electric shock therapy 
can abort the attack and make the patient more accessible to psychotherapy, it is 
ivorth a trial 

Dr Oiler raised an interesting point as to w'hethcr hospital care in itself 
might be just as beneficial as shock therapy I did not carry out any control 
study on this point Therefore I cannot give any definite answ'er 

Dr Ludlum’s observations are valuable They bring up the old controversy 
Is the psychoneurosis on a functional or an organic basis ^ I believe I mentioned 
the theory of Moriarty and Weil that electric shock has an organic effect on the 
hypothalamus 

With regard to Dr Angus’ question as to w'hen psychotherapy is effective 
The purpose is to gain rapport with the patient and attempt some transference 
Obviously, it would be impossible to get good results from psychotherapy when a 
patient is in a nervous state From that standpoint, I believe that m cases of 
severe affective disturbances one can gam rapport with the patient and obtain 
some transference with removal of the disturbed affective component After the 
first treatment, psychotherapy can be tried No pathologic changes due to electric 
shock w'ere observed Kalinowsky stated that patients with obsessive-compulsive 
states should have twenty shock treatments Some cases have been reported in 
which forty to sixty electric shock tieatments were given without any obvious 
damage The amount of postmortem material on patients who have had electric 
shock is very meager 

Keevaluation of Contraindications to Electric Shock Therapy Dr 

Matthew T Moore 

The early enthusiastic application of convulsive shock treatment of mental ill- 
nesses, owing perhaps to indiscriminate and incautious use, resulted in numerous 
complications and occasional deaths These unlooked-for, untoward effects led to 
a swing in the direction of conservatism, \vith resultant denial of treatment to 
many patients who would have benefited from this procedure The severe con- 
vulsive reactions encountered with metrazol shock therapy and the early inex- 
perience with methods of overcoming or subduing complications evidently produced 
the timidity with respect to contraindications which carried over to electric shock 
therapy 

A sufficiently large body of literature and experience has accumulated to provide 
a basis for reevaluating the indications and contraindications which, until recently, 
have been considered an unquestioned barrier to convulsive shock treatment, namely, 
acute infections and febrile diseases, advanced disease of the heart and kidneys, 
advanced age, bone atrophy in long-benridden patients, pronounced spinal curvature 
and osteoarthritis, severe thyrotoxicosis, malignant growths, thrombophlebitis, 
advanced general arteriosclerosis, organic disturbances of the central nervous sys- 
tem and tuberculosis ' 

Some of these contraindications can now, in the light of experience and judg- 
ment, be eliminated from this category and greater freedom of use of this treatment 
he permitted This applies to cai diovascular diseases with and without hyper- 
tension, advanced age; latent, arrested or even active tuberculosis, some cases 
of generalized arteriosclerosis in wnich a differential diagnosis between cerebral 
vascular involvement and involutional psychosis has not been established , organic 
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disease of the central nervous system, such as dementia paralytica , spinal curvatures, 
and osteoarthritis 

Six representative cases were reported Such conditions as cardiovascular 
disease, with and without hypertension, pulmonary fibrosis secondary to tuber- 
culosis, spinal curvature, and generalized arteriosclerosis were represented No 
complications arose secondary to electric shock treatment, and in the mam the 
results from the psychiatric standpoint w'ere gratifjing 

DISCUSSION 

Dr Benjamin Goulev All can agree with Dr Moore that m the earlier 
jears of electric shock treatment man> fears with regard to making w'orse 
serious organic disease did not have a basis in fact One of the great fears in 
instituting treatment of tins kind was that concerned w'lth what such treatment 
might do to organic heart disease CertainK, there has been little aggravation 
of preexisting heart disease w'lth sucn treatment Dr Moore’s paper has been 
matched by others, in w'hich patients with various tjpes of heart disease were 
not considered bad risks for shock tieatment I think that almost every patient 
of the Philadelphia Psychiatric Hospital has undergone electrocardiographic 
examination before treatment After going o\er about 1,500 tracings, I can recall 
few^ instances in which organic heart disease, revealed by electrocardiographic 
examination, w’as made w'orse I an^ under the impression that there has been 
1 death as a result of shock treatment Unfortunateh , in that case electrocardio- 
graphic studies were not made There arises the question whether tlie death 
was due to the electric shock treatment 

I am under the impression that tl e incidence of heart disease in the mentally 
sick has been exaggerated I do not belie\e that there is as much heart disease 
in this psychiatric hospital as in a general hospital, and I doubt whether the shock 
therapeutist has to worry as much about the effects of his treatment as the 
surgeon does about such matters as anesthetics There are, however, certain 
types of heart disease that might be looked on askance and shock therapj employed 
with reluctance Certamlv, I should not w^ant to treat any one with acute or 
subacute myocardial infarction Few such patients w'lll enter an institution for the 
mentally ill I have seen good internists much surprised when a patient of that 
type died and autopsj' showed only mjocardial infarction Healed infarctions offer 
no barrier to treatment A healed infarction in the anterior wall of the heart is 
more serious w'lth respect to the risk of sudden death than is involvement of the 
posterior w'all In the presence of bundle branch block, especially w'hat is called 
the left bundle branch variety, one has a sign that suggests conservatism in treat- 
ment A patient w'lth right bundle bianch block is not a bad risk, no matter how 
loud the murmur he has nor how bad the electrocardiographic tracings may be 
How'ever, there are not enough such patients to w'arrant carelessness One has 
to speak in terms of hundreds of cases before one can come to a satisfactory con- 
clusion W'lth regard to the more serious types of heart disease A little caution 
W'lll hurt neither the physician nor the patient 

Dr. J C Yaskin I feel that patients should not receive this treatment with- 
out first having an electrocardiographic examination The medicolegal phase 
should not be disregarded No treatment should be carried out without thorough 
physical, electrocardiographic and minimum laboratory studies 

Dr Herbert H Herskovitz About three years ago the society held a sym- 
posium on electric shock, and all of us listed the complications we had experienced, 
but we w'ere generally agreed that patients hvith tuberculosis, cardiovascular dis- 
ease, particularly arteriosclerosis, and bone deformities should not be treated 
Since that time my associates and I at the Nornstow'n State Hospital have not 
deviated much from those decisions We have taken a chance with a few patients 
with moderate hypertension , but if cerebral arteriosclerosis is present, as found 
on examination of the eyegrounds, we will not give the patient electric shock 
We do not w'orry about bone deformities because we use curare We will take no 
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chances with tuberculosis, whether the lesion is healed or active Although Dr 
Illoore presented 1 case of tuberculosis, the disease w'as not active I know of a 
few^ cases in which healed lesions were transformed through electroshock into 
“galloping consumption ” 

Dr. N W WI^'KEL^rA^' Aly colleagues and I are now' in the midst of treat- 
ing a young woman phjsician w'ho receded pneumothorax and electroconvulsive 
therapy simultaneously and is now' receiving pneumothorax and insulin shock treat- 
ment Apparently, there has been no change in her pulmonary condition We are 
continuing treatment, and she is apparent!}' thriving on it Whether or not tuber- 
culosis will prove to be an absolute contraindication is not as yet definitely 
determined 


Dr I Rodis, Washington, DC I treated a patient w'lth moderately advanced 
congests e heart failure who was suicidal, it was a question of treating him w'lth 
electric shock and taking a chance of killing him or letting him do away with 
himself The family understood this, and nothing happened to him after the con- 
ventional administration of treatment He was appreciably better I have had 
occasion to treat several patients with auricular fibrillation and advanced myo- 
cardial degeneration as determined bv routine electrocardiograms Nothing 
happened I do not now make electrocardiographic examinations as a routine 

Dr klA'TTHEW T Moore I wish to thank the discussers especially, for they 
have brought up a number of points which, for lack of time, I did not present this 
evening My intent was not to invite you to throw caution to the winds , on the 
contrary, this sample group of cases w'as reported to show that the former 
arbitrary and rigid contraindications could and should be relaxed, so that many 
patients could be receiving necessary treatment Dr Gouley mentioned the possible 
complications in treating patients with rheumatic heart disease Only 1 case has 
thus far been reported in the literatuie in w'hicli an old endocarditis flared up after 
convulsive shock therapy This case was reported by Ziegler, who stated that the 
condition subsided and the patient's mental state improved Several patients with 
long-standing rheumatic heart disease have been treated without complications 
Persons with advanced myocardial degeneration and decompensation obviously 
should not receive shock treatment A review of the literature shows that many 
institutions are using convulsive shock therapy for patients with suicidal intent 
despite the presence of a serious cardiac condition Kline and Fetterman, and 
Evans have treated a series of patients who had severe cardiovascular disease 
Not only did these patients withstana shock treatment, but the psychiatric results 
were good 


I am fully in accord with Dr Yaskin with regard to caution My colleagues and 
I agreed that each patient should be studied carefully and individualized as regards 
the indications for treatment in the light of his physical state and the likelihood 
of his recovery 

With respect to Dr Herskovitz’ comment regarding tuberculosis, no conclusions 
can be reached from the one single case included m this report However, the litera- 
ture reveals that, although controversy still exists regarding this matter, most 
^thors do not consider incipient, or even active, tuberculosis as a contraindication 
Pacella cited 4 cases of latent and active tuberculosis treated with electric shock 
in which there w'ere no complications and no reactivation of the pulmonary process 
Smith reported the case of a middle-aged woman who had active bilateral pul- 
monary tuberculosis for several years Fluid in the pleural sac and myocardial 
disease were present She received a series of electric shock treatments , not only 
did she recover from her mental illness, but the pulmonary tuberculosis was said 
also to have improved 


Patients with disturbances of bony structures and joints can now escape with- 
out fractures or dislocations or may nave them minimized, with the present method 
of proper splinting of the torso, limbs and head by means of four or five attendants 
A delicate point arises as to what constitutes advanced age We treat all 
patients irrespective of age, treatment being determined by the person’s physical 
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condition We do not employ curare It may interest those who are still using 
this drug that in a review of 11,000 cases in which electric shock was employed, 
Impastato and Almansi found 8 deaths, 4, or 50 per cent, of which occurred in 
patients who had received curare prior to treatment It has been our feeling 
that this drug adds insult to in]ur> by superimposing respiratory paraljsis on 
the respiratory embarrassment incidcrl to the shock treatment itself 

Histopathologic Study of an Early Case of Schizophrenia in Which 
Electric Shock Therapy Had Previously Been Employed Dr N W 
WiNKELMAN 

A young married woman of 22 was admitted to the Philadelphia Psychiatric 
Hospital on Jan 16, 1945, w'as given the usual course of electroconvulsive therapy 
and was discharged as slightly improved on March 1, 1945 From her history 
it W'as learned that she had been born at full term and had weighed pounds 
(1,700 Gm ) at birth She did not walk until the age of 17 montlis and began to 
talk much later As a child she was meticulous and liked to have her ow'n way 
She changed schools three or four times because of feelings of inferiority She 
married at 19 and gave birth to her only child at the age of 22 After delivery 
her family and friends noted a complete change in her She became apathetic and 
uninterested in her friends and careless m her personal hygiene She gradually 
retreated from reality The diagnosis w’as schizophrenia 

After her discharge from tlie hospital the patient seemed to adjust at home, 
but she worried about her husband, w’ho was in the South Pacific She committed 
suicide with gas on April 25, 1945 

Gross examination of the brain showed intense congestion 
Microscopic examination revealed the presence of scattered foci of either 
devastation or complete loss of cells throughout the frontal, temporal and parietal 
lobes particularly There w'as no evidence of damage to the brain as the result 
of the electroconvulsive therapy The carbon monoxide had produced no cerebral 
damage, since death had occurred within thirty minutes 

The question of a histopathologic picture characteristic of schizophrenia was 
discussed, with careful consideration of the two schools of thought, the one claiming 
that the changes observed in brains of patients w’lth dementia precox can be 
duplicated in normal brains and the other believing that while specific changes 
do not occur with dementia precox there are alterations which are encountered 
uniformly 

It was concluded (1) that an assured and satisfactory histopathologic picture 
for dementia precox does not exist ana (2) that the most constant change described 
in the literature, as in the case reported, is the presence of small focal cortical 
lacunas, from which groups of cells successively disappear 

Dr S DeWitt Ludlum The schizophrenic person is a biologically poor 
organism, why should he not show biologic changes 'i* Why did some patients 
have heart disease so early ? They w'cre in poor adaptability biologically I see no 
reason that there should be any quarrel as to the functional or organic nature of 
schizophrenia. The two go together If a person is not well put together, he falls 
victim to some disease 

Dr Herbert H Herskovitz I second Dr Wmkelman’s remark that one 
should never make up one’s mind regarding the cause of schizophrenia until the 
last word is written In the first sentence of his summary Dr Winkelman indi- 
cated that he does not believe that what he has described m his paper is the last 
word Eventually the answer will be found There is a pathology which also- 
cannot be overlooked and must be studied just as intensely and just as thoroughly 
as Dr Winkelman has studied the cells of his patient’s brain. I refer to psycho- 
pathology 

Dr. Matthew T Moore During the early 1930’s I was privileged to perform 
pneumoencephalographic examinations in 152 cases of various psychoses Of 
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these, 71 were cases of schizophrenia The diagnosis was definitely established, 
each patient having been seen by the staff and examined carefully before the diag- 
nosis was made The majority of the roentgenograms m the cases of schizo- 
phrenia showed a predilective atrophy of the parietal lobe, with a lesser degree 
of atrophy in the frontal and occipital lobes This work has been repeated else- 
where, witli the same findings This week I sectioned the brain of the very first 
patient on whom I performed pneumoencephalographic studies in 1930 The films 
in her case showed the type of atrophy just mentioned On gross inspection her 
brain revealed definite atrophy of the cerebral gyri Section of the brain showed 
definite shrinking of the white matter The controversy as to whether schizo- 
phrenia IS a functional disorder or has an organic background still rages It is 
generally known that until the latter part of the nineteenth century dementia 
paralytica was considered a functional disorder, and it was not until the treponema 
was found in the brain substance and the characteristic pathologic picture of 
dementia paralytica was established that the organic nature of the disease was 
accepted Mott, in the early part of the century, showed that many brains of 
schizophrenic patients had hypoplastic vessels at the base The work of many 
investigators, including Dr Ludlum, indicates the structural and biochemical dis- 
turbances which seem to characterize persons with schizophrenia The fact that 
no specific change in the cells of the brain can as yet be demonstrated m these 
cases does not militate against the assumption that some morphologic or bio- 
chemical change may exist in the brain substance In any event, it is essential 
to have an open mind regarding such problems Dr Winkelman’s offering this 
evening is deserving of credit in that it is a probing study and will serve, I am 
sure, as a steppingstone to a better understanding of this intriguing, and as yet 
elusive, subject 

Major M M Kessler, M C , A U S I am emboldened to make a few 
remarks which are contrary to the theory presented, because it is generally 
accepted that schizophrenia is a functional nervous disease without a known 
pathologic basis Through significant researches the general conclusion has been 
reached that the brain of a schizophrenic person presents no demonstrable pathologic 
change, either grossly or microscopically On the other hand, there are cases of 
schizophrenia in which the disorder is superimposed on an underlying organic 
disease Schizophrenia can occur with mental deficiency It is then called a 
psychosis with mental deficiency One does not conclude from such a combination 
that any pathologic condition observed in the brain of a mentally deficient person 
is the cause of schizophrenia 

In the case presented the patient weighed only 35^ pounds at birth, indicating 
mat there may have been some abnormality m the child from the time of birth 

is was confirmed by the report of general retardation in the early developmental 
years Other complicating factors disturb the clarity of this case as one demon- 
stratog the pathologic changes of schizophrenia Not long before the patient’s 
eat she received insulin hypoglycemia and electric shock therapy These are 
nown to cause an encephalopathy An additional confusing factor is that the 
patient committed suicide with carbon monoxide The history is not clear as to 
ow ong the patient lived during the exposure to gas The anoxemia attendant on 
t IS means of suicide could easily result m pyknosis of brain cells and attenuation 
0 ce processes The reduction of brain cells in certain areas of the brain could 
be part of an old process which has been present since birth I feel, therefore, 
that the author s conclusion must be accepted guardedly It may well be that in 
this case the schizophrenic psychosis was merely superimposed on an encephal- 
opathy of unknown origin 

Major Theodore Lidz, MC, AUS Major Kessler’s discussion has raised 
^ affects not only the paper which has just been read but attitudes 

w ich have been prominent throughout the evening It permits, if it does not lead 
o, the assumption that some organic means of cure must be found It fosters 
t e concept that unless some physical measure can be adopted the patient is 
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incurable It is well to remember that patients with neuroses and psychoses similar 
to those presented here improved and recovered before shock therapy was 
introduced 

To continue to search for questionable changes in the cortex when another, very 
gross pathologic condition calls to any careful listener seems to me to lead in the 
wrong direction Listening day after day to the histones of schizophrenic patients, 
as one does at the Army psychiatric centers, reveals striking abnormalities of 
family setting and social development of the indnidual that are real, factual and 
concrete, even though they exist only in historical perspectue One does not have 
to peer through a microscope at a brain which ma> have been damaged by seieral 
other traumas to find a pathologic process in schizophrenic patients 

It may also be revealing to come to a military hospital i\here soldiers arrive 
with records of typical schizophrenic reactions and recover promptly, or to see, 
as I have had the good fortune to do, patients I have sent home from India whom 
I thought would never recover because of behavioral patterns that seemed rigidly 
fixed in negativistic or paranoid constellations, appear totallj changed and 
apparently well after several months m the United States 

At the Army general hospital where vve are stationed my colleagues and I 
have month after month seen approximately 70 per cent of the psjchotic patients, 
including those with schizophrenia, return home after several months of hospital 
care without shock treatment I assure you that vve have not been able to offer 
them elaborate treatment, much as vve should like to, because of the pressure of 
work They receive good care, an active program that keeps them well occupied, 
but primarily consideration and respect If the change from the jungle to the 
United States, from despair and frustration to consideration and social existence, 
can produce a change so profound within a few months, one gets a different 
impression of schizophrenic reactions and of what may be making these patients ill 

Dr N W Winkeljian I am .n thorough accord with Dr Ludlum about 
the poor structural makeup of the schizophrenic patient I believe that schizo- 
phrenic persons are born, not made The patient I reported weighed 3)4 pounds 
at birth Her whole life showed inadequacy, not mental deficicncj She got along 
in school with her studies, but not with her companions After the stress and 
strain of childbirth, she “broke” and a true schizophernia developed She com- 
mitted suicide with gas One can disregard the histopathologic changes due to 
the carbon monoxide because she died within thirty minutes Death in cases of 
this sort IS a “blood death,” due to deprivation of oxygen , it is not a “brain 
death ” Had this patient lived on for twenty-four to forty-eight hours, we should 
then have had recognizable cerebral damage which would obscure and confuse 
the changes which vve believ'e may result from the schizophrenic process itself 


NEW YORK NEUROLOGICAL SOCIETY AND THE NEW YORK ACADEMY 
OF MEDICINE, SECTION OF MEDICINE AND SECTION OF 
NEUROLOGY AND PSYCHIATRY 

Franklin M Hanger, M D , Chairman, Section of Medicine, Presiding 
Joint Meeting, Nov 20, 7945 

Intravenous Administration of Histamine in Treatment of Migraine 
Dr William A Thomas and Dr Stuwesant Butler, Chicago (by invi- 
tation) 

Histamine (decarboxylated histidine), released by allergic reactions, remains 
only momentarily m the circulation and is taken up by the tissues There is no 
sensitization to histamine in the anaphylactic sense, as it is nonantigenic , but in 
persons vvuth lower tolerance to histamine this substance reaches shock organs 
(skin, bronchial tubes, arterioles and capillaries), causing characteristic responses 
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Migraine is thought by the authors to be such a reaction and has been treated 
by long-continued intravenous injections of a solution of histamine in an effort 
to increase tolerance to the substance 

Seventy-five patients with severe, indisputably migraine headaches were given 
1 mg of histamine base as 2 75 mg of histamine phosphate in 500 cc of isotonic 
solution of sodium chloride m the form of an intravenous drip Results showed 
increasing tolerance and satisfactory results, with permanent complete relief in 
30 patients, temporary complete relief in 11, partial relief in 25 and no relief in 9 
The authors suggested even longer-continued (twenty-four hour) injections for 
patients failing to respond satisfactorily to the shorter, four to eight hour, injections 

This paper was published in full in the March 1946 issue of the BnlleUn of 
ihe Nczv York Academy of Medicine, pages 125 to 136 


niscussioN 

Dr Stanley Cobb, Boston (by invitation) It is obvious that men who are 
able to give complete relief in 40 per cent of cases of migraine headache have 
made a real advance, and I think the speakers of the evening are to be con- 
gratulated on that score alone 

I should like to ask about some particulars In the first place, I am a little 
skeptical about the relationship of Meniere’s disease (in tlie strict sense of the 
word) to migraine I think that there is a relation between migraine and spells 
of vertigo and dizziness, but not classic Meniere’s disease Such a distinction is 
perhaps academic 

Then I should like to ask the authors concerning their statement about the 
allergic response They spoke of it as a wudely accepted idea that migraine is 
an allergic response to histamine I should not sa> that the idea is widely 
accepted, and I think from their later words they do not accept it themselves 
If migraine is considered, not as an allergic response, but only as a lowered 
tolerance to histamine, it is easier for me to understand 

The observations on the vessels of the eyeground interested me greatly, for 
I should think that when they were giving histamine intravenously they would 
have seen vascular dilatation In experiments that Dr Wolff and I earned out 
in 1928 histamine gave a widespread dilatation of all the cerebral vessels More- 
over, I had thought that histamine headaches were caused by a wide dilatation 
of the cerebral vessels 

I wonder why this remarkable effect is produced by the intravenous adminis- 
tration of histamine and none to speak of by the subcutaneous method Is there 
any explanation for that^ 

Dr William A Thomas, Chicago I shall answer Dr Cobb’s last question 
first, that is, the superiority of intravenous injection to the subcutaneous method 
I had hoped to make that clear, but I fear I did not Histamine, regardless 
of the source of origin, whether injected subcutaneously or intravenously, or pro- 
duced by some other mechanism, such as heat or cold, remains in the circulation 
momentarily, no longer If a constrictor is placed about the upper part of the 
arm, histamine is formed in the lower part of the arm, and during the time the 
constrictor is there blood withdrawn from the vein will be shown to contain 
histamine If the constrictor is removed, histamine immediately disappears from 
the circulation It is taken by the cells so rapidly that there is none circulating 
It has been our idea that if one wnshes to increase the tolerance of a patient to 
histamine, rather than give the substance in injections two, three or four times 
a day, with a brief exposure, necessarily a limited one, because one cannot give 
doses that will produce shock of any type, one should provide long-continued 
exposure by giving histamine intravenously for six, ten or twenty-four hours, as 
fast as the patient can take it We have found that the patient’s tolerance can 
be raised from taking 3 or 4 drops a minute, and a total of 40 to 50 cc , to 10 
drops a minute, and a total of 100 cc , and eventually to the full dose, 1 mg of 
histamine base 
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I hope I have not misstated what we mean by histamine cephalalgia We 
believe that headaches which are paroxysmal and unilateral may be a histamine 
cephalalgia As I understand it, there is a great deal of discussion as to whether 
true histamine cephalalgia is due to vasodilatation or to vasoconstriction We 
have to deal with many of the manifestations of histamine reactions The rate 
at which histamine is given determines entirely what happens It can be given 
so slowly that one gets the histamine reaction — the flushing of the face, then 
of the neck and then of the shoulders — but at the same time there is a vasocon- 
striction of the lower extremities with a decrease of body temperature as much 
as S degrees (Fahrenheit) The reason I have been so emphatic against the 
use of histamine as a skin test is the great variability of the reaction The 
response to histamine depends entirely on the balance of forces behveen the vaso- 
constrictor and the vasodilator mechanism A reaction before a meal or before 
ingestion of alcohol will be slight, and that after a meal and after ingestion of 
alcohol will be great If two similar doses arc injected in the two arms and a 
blanket is placed over one area, this area will be foui or flve times as large as 
the other An outstanding fact to be considered is that the cutaneous reaction 
IS minimal in brunets, large m blondes and maximal in red-headed persons There- 
fore, where the histamine reaction takes place, whether it involves the vessels of 
the internal carotid artery or not, depends on the rate at w'hich the substance is 
given, and in patients w'lth migraine one cannot gi\e it fast 

We had no intention of relating Meniere’s sjndrome to migraine, it was only 
after Rainey {JAMA 122 850 [July 24] 1943) had treated ^Ienlere’s syn- 
drome unsuccessfully with subcutaneous injection of histamine that he found he 
had better results witli the intravenous method, I simplj stated that he con- 
firmed our point that the intravenous method is superior 

As far as the question of allergy is concerned, I was certain w'e w'ere going 
to run into some problems We came here to discuss the intravenous treatment 
of migraine with histamine, and not these other ramifications If the thesis is 
correct, the $64 question is where the histamine comes from, and I do not know 
whether it is allergic or not We have no intention of stating that it is, I meant 
to say that it is fairly generally believed that such is the case We do not sub- 
scribe to the idea entirely 

Dr Harold G Wolff I should like to discuss this interesting and important 
contribution to the management of migraine headache from two points of view 
first, that of the mechanisms of the preheadache phenomena and of migraine 
headache, and, second, that of the management of migraine headache The pre- 
headache phenomena constitute the part of the migraine attack itself that is non- 
painful and consists of visual, and sometimes sensory, disturbances It has been 
deduced from evidence obtained in patients that cerebral vasoconstriction pnmanlj 
within the cranial cavity is responsible for such preheadache phenomena As far 
as has been observed, there are no painful components during this phase of the 
attack The painful phase is associated with vasodilatation and is related to 
changes in the amplitude of pulsations of cranial arteries, chiefly the branches 
of the external carotid artery Whether the headache stems entirely from struc- 
tures outside or inside the head can be dismissed for the moment It is important 
to emphasize the difference between the preheadache and the headache phase of 
migraine, for there is no experimental evidence that vasoconstriction inside the 
head gives rise to pain The headache phase of migraine has to do with vaso- 
dilatation 

If ergotamine tartrate is given during the early part of the painful phase of 
a migraine attack, it constricts the cranial vessels, chiefly the branches of the 
external carotid artery, and to a less extent the branches of the internal carotid 
artery, and is thus successful in eliminating the headache If it is given late, it 
usually constricts the vessels less rapidly and less completely, and perhaps not 
enough for therapeutic purposes 

It was postulated that after the sustained arterial dilatation of a local artery 
of the head, there occurs a transient change in the structure of the arterial wall, 
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namely, thickening or edema of the muscular and adventitial structures Sections 
of blood vessels of patients with intractable migraine headache were removed while 
the temporal arteries were being tied off for the relief of pain In these sections 
there were found some hints of thickening of the walls, but suitable controls wer^ 
not available Experiments were then earned out on the arteries of cat ears 
These were studied after prolonged vasodilation produced by infusion for two 
hours of 10 cc of mammalian Ringer's solution containing a vasodilator agent 
The dilated arterial walls were compared with the arterial walls of a control ear by 
means of serial sections Measurements demonstrated thickening of the arterial 
walls of the infused ear Also, the vasoconstrictor agent, ergotamine tartrate, 
was found to be less prompt and less effective m constricting arteries with such 
thickened or edematous walls than arteries with normal walls 

Similar changes in arterial walls of patients during long migraine headaches 
may be the explanation for the rigid, pipehke texture of the arteries, the steady, 
aching pain, and the tenderness of these structures Also, these changes may 
explain the decreased ability of ergotamine tartrate to reduce the intensity of 
prolonged headache 

There is a second mechanism of pain during the migraine attack which should 
also be considered, it involves sustained contraction of the muscles of the head 
and neck Pain in the head from any cause induces secondary contraction of 
these muscles, which when maintained becomes m itself a source of pain Such 
painful contractions may outlast for some time the primary cause of the contrac- 
tion, 1 e , cranial vasodilatation This affords an explanation of the failure of 
ergotamine tartrate to produce relatively prompt relief m some patients who have 
a major muscle component in their headaches 

The chief consideration, however, and the question so far unsatisfactorily 
answered, is what makes tine cranial vessels dilate — is histamine the agent that 
causes the dilatation that is so painfuP What is the evidence for the role of 
histamine to date^ Important pieces of evidence have been presented by von 
Storch and by the speakers of the evening They have observed that m some 
persons with migraine the injection of small amounts of histamine will more 
readily induce a headache than in the average person not susceptible to migraine 
That IS interesting but not conclusive, because m some persons with migraine 
the ingestion of small amounts of alcohol also precipitates headache One must 
therefore wait for more conclusive evidence that histamine is the agent causing 
vasodilatation in the painful phase of the migraine attack 

What IS the bearing of all this on treatment and the prevention of migraine 
attacks? Certainly, the evidence as given tonight indicates that the administration 
of histamine intravenously m precisely the manner described has dramatic effect 
But the interpretation of the results of this method of treatment is difficult It is 
easy to observe the success or failure of an agent m terminating an individual 
attack of headache, but in an illness that is so unpredictable in terms of the next 
attack, and m such a complicated situation as migraine headache assumes in terms 
of the patient’s life, it is not so easy to evaluate what is going to prevent a 
headache a week or a month hence It is interesting, however, that any planned 
regimen reassures the patient and gives him a conviction of being cared for, 
which is important in the treatment of migraine 

For example, we have a patient, a woman aged 44, with a history of migraine 
over many years, who was having an incapacitating headache once or twice a week 
during July and August She came into the clinic at the end of August and 
was given lactose pills and nothing else, except for the assurance that she did 
not have a cerebral tumor or other serious illness She was told to take her 
pills three times a day During September and October she had no headaches 
for a three week period, and then infrequent, mild headaches of short duration 
That IS characteristic a short-lived effect while the patient is in contact with the 
physician and with the administration of a symbol of therapeutic significance 
The second case is a little more complicated The patient was a man aged 48 
who had one or two headaches a week during 1936, 1937 and 1938 I had three 
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interviews with him in 1938 It is not important to discuss what was said except 
that he was reassured as to the nature of his headaches and his emotional atti- 
tudes were considered Thereafter his headaches stopped until the spring of 
1939, when he had a few, and again m the spring of 1941 he had a few attacks 
I interviewed him once, and his headaches stopped He had none during the 
remainder of 1941 and during 1942 and 1943 In the fall of 1944 he got into a 
frustrating situation of inactivity m his Navy post, i\hich precipitated a great 
many headaches, almost daily for a while and alwajs tlie same Then an able 
joung physician treated him by means of subcutaneous injections of histamine in 
the manner described by Hoi ton (/ A M A 116 377 [Feb 1] 1941), and this 
therapy was painstakingly carried out The headaches then stopped completely 
but returned again after a few days He was gi\en more treatment and had no 
headaches until three months later He was again given a senes of subcutaneous 
injections of histamine, but the headaches continued throughout the first three months 
of 1945 I saw him again on April 1, and wc discussed matters concerning his 
attitudes, -which were of first rate importance to him, and he has had no more 
headaches to date (a period of six months) If such is the natural history of 
patients W'lth migraine, it is evident how exceedmglj difficult it is to draw any 
inferences concerning tlie effect of a specific therapy This does not sanction a 
nihilistic point of vuew but indicates the difficultj in drawing inferences 

Concerning the percentage of successful effects with various therapies, it is 
interesting that if one picks at random three forms for which statistics have been 
given the results are not dissimilar For the treatment of Balyeat who managed 
his patients with migraine by taking away certain food substances, the results were 
practicall}'^ the same as those of the speakers this evening 30 per cent excellent, 
30 per cent good, 20 per cent fair and 20 per cent failures Pfeiffer, Dreisbach 
and Roby (/ Lah & Chn Med 29 709-714, 1944), who gave a mixture of calcium 
lactate and potassium chloride to 150 patients over a period of three years, 
reported results as follows 24 pei cent excellent, 39 per cent good, 27 per cent 
fair and 10 per cent noneffective In other words, they achieved over 70 per 
cent good and excellent results with an entirely different method of management 
In my own series there are 58 patients, of whom 28 per cent had no recurrences 
in a period of several months to five years, 33 per cent had some headaches, but 
infrequently and of less intensity, IS per cent had some improvement, but not 
very satisfactorj , and about 20 per cent had no improvement The management 
consisted in reviewing the patient’s problems, indicating the nature of migraine, 
pointing out certain dominant drives in the patients and showing the need for 
changed attitudes With this type of therapy I got about the same results as 
those for the two treatments cited and about the same results as did the speakers 
of tlie evening These statistics on the success of other types of therapy do not 
indicate that histamine is not the specific agent in causing or preventing migraine 
headaches By presenting them, I wish to emphasize again that it is exceedingly 
difficult to draw inferences, and I do not think that the evidence presented tonight 
has settled the question as to what causes the painful dilatation of the cranial 
vessels in migraine headache and whether histamine is the specific therapeutic 
agent 

Dk Miles Atkinson I have been particularly interested in the question 
of Meniere’s syndrome, as you probably know, and I have found that a fairly 
large number of patients with migraine in the early years of life had Meniere’s 
syndrome in their later years I do not say by any means the major proportion, but a 
fairly large number I presented this material in the paper to which Dr Thomas 
referred (Diagnosis and Treatment of Meniere’s Syndrome, Aich Otolmyng 37 
40 [Jan ] 1943), and it has been my concept that this group of patients possesses a 
primary vasoconstrictor mechanism, such as Dr Wolff has described and demon- 
strated, which in the early years produces migraine — the primary vasoconstrictor, 
or preheadache, phenomena and the secondary vasodilator, or headache, phe- 
nomenon In the same way, in the case of Meniere’s syndrome there is a primary 
vasoconstrictor group In this vasoconstrictor group of Meniere’s syndrome. 
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which IS the major group, the same thing happens There is a primary yasocon- 
strictor disturbance in the inner ear which causes vertigo, then, when the vessel 
relaxes, the patient gets the aftermath of unsteadiness and quite frequently head- 
ache, not migraine headache, not the typical unilateral headache, but headache 
of one sort or another I have become so convinced of this that I am accustomed 
to say that a migraine is Meniere’s syndrome in the brain and Meniere’s syndrome 
IS migraine m the ear It was this obseivation which led to my interest in 
migraine and to my suggestion that it might be a good plan to try and prevent 
the primary vasoconstrictor mechanism in migraine by producing vasodilatation, 
and, as I have been accustomed to use nicotinic acid, not as a vitamin but as a 
vasodilator, I suggested it might be used to prevent attacks— not to cure the 
attack in being but to prevent its onset I published a small series of cases 
(Ann Int Med 21 990, 1944), to which Dr Thomas referred, m which it did 
seem to have some good effect I also suggested that histamine might do the 
same thing, for my view of histamine in connection wutli Meniere’s syndrome and 
migraine is that it acts not m any recondite mannei, but probably simply as a 
vasodilator I should like to ask Dr Thomas a question wduch has been on 
my mind for some time I have had no great experience in treating migraine — 

I just pick up the cases as I find them, and I do not see a great many I have 
had no personal experience in treating migraine with histamine, but I have had 
experience m treating patients with Meniere’s syndrome myself and in seeing 
patients who have been treated by others with intravenous injection of histamine 
It has been my experience that it is again the vasoconstrictor group in which 
one gets a good initial result in relief of Meniere’s syndrome, which, as I say, is 
in my view migraine in the ear , that they will get relief of symptoms for a 
varying period after the first course of treatment, and that sometimes when they 
get a relapse a second course will help them, but often a second course will not 
help them They get no effect from it at all I can think of several cases in 
which no improvement has occurred with a second course of intravenous injec- 
tions of histamine, and I have found it seems to make the headaches more resistant 
to the action of nicotinic acid I should like to ask Dr Thomas wdiether he has 
had a similar experience in treatment of migraine 

Dr William A Thomas, Chicago I do not believe that we differ from 
Dr Wolff in any significant way It has been my purpose to make myself 
familiar with his work I agree with his concept that anxiety and rage, that is, 
emotional disturbances, are frequently causes of attacks of migraine, and I am 
sure that all have had about the same results in treating migraine Twenty 
years ago, with Dr Joseph Miller, we started treating a senes of patients with 
very severe migraine, we gave them each morning a small wmeglassful of grape 
juice on which we dropped 30 drops of castor oil and followed that with calcium 
lactate during the day A large number of these patients had dramatic relief 
Dr Wolff has indicated this m his report on Dreisbach’s patients, with use of 
calcium lactate The difference of opinion exists, of course, very largely in 
whether the vasoconstriction and the vasodilatation follow one another and whether 
they are caused by the same mechanism We are inclined to agree with Dr Wolff 
that branches of the external carotid artery and the extracranial nerves are chiefly 
concerned in headache and that those vessels are in a state of vasodilatation when 
the headache appears Another point in confirmation is that when one is able 
to test for histamine in the blood, regardless of the avenue of its entrance, hista- 
mine has disappeared by the time the headache begins 

There are two other points which might be brought out in relation to 
Dr Wolff’s discussion One is that in working with Drs Ivy and Grace Roth, 
of the Mayo Clinic, it was discovered that histamine has a tremendous capacity 
for lowering the threshold of pain Ivy has a pain machine and has found that 
most patients who receive histamine suffer a great deal more from the headache than 
does a person with a similar headache not caused by histamine 

I cannot answer Dr Atkinson’s question We have had patients, just as he 
reports, who have had some primary relief from intravenous injection of histamine. 
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as he has m cases of Meniere’s syndrome and then had no relief from subsequent 
treatments, and we do not know the mechanism I should like to ask whether 
Dr Atkinson knows why the primary vasoconstriction he visualizes causes the 
pain, or is the total mechanism, with the primary vasoconstriction and the 
secondary vasodilatation, responsible’ 

To come back to Dr Wolff’s question about histamine We do not know 
that is the only cause We do know these attacks are brought on by emotional 
and vasomotor instability, as well as by thermal reactions One of the best 
explanations I know was suggested when Dr Butler and I first gave this paper 
in Chicago It was widely discussed — the type of migraine, tlie attacks and the 
frequency — and one person asked, “Can you tell me why there are so manj 
migraine attacks on Sunday, when the patient should not be subject to strain, 
when it IS not a matter of dissipation the night before’’’ and we were able to 
answ'er, “Because so many hot baths are taken on Saturda> night •’’ 

Dr Stuwesant Butler, Chicago I ha\e a few words to say regarding 
these comments 

We have given histamine. Dr Wolff, to a number of so-called normal persons 
in an attempt to determine wdiether there is a difference in the secretion of h>dro- 
chloric acid in the stomach of ulcei -bearing patients and normal persons and to 
find whether there is a similar reaction to that found with caffeine We have 
given histamine \ery rapidly to these subjects, much more rapidly than we can 
give It to patients w'lth migraine We have obtained no headaches whatever, in 
spite of the fact that they have had the other signs — the severe flushing of the 
face, for example — and sometimes have had urticaria, even when they had no 
history of it It may be that there is something about these patients that makes 
them have migraine, whereby they specifically get this dilatation of the branches 
of the external carotid artery, w'hile the normal, nonmigrainous, person does not 

I am much interested in Dr Wolff’s reports of the psychotherapy of these 
patients We have seen a number (I personally ha\e seen 5) who have at some 
time attempted suicide because of the seventy' of the attack and have seen 3 
narcotic addicts who had had every possible type of therapy for their headaches 
before (and I do not believe that they took to narcotics unless tlie headaches were 
very severe), and I do not believe that psychotherapy could havej helped them. 
In our series, the cases of greatest seventy were the ones in w'hich the greatest 
percentage of relief was obtained 

In regard to Dr Atkinson’s comments, we ha\e been wondering whether the 
fact that one of the products of the metabolism of nicotinic acid is histamme 
may have something to do with the results that he has described, m other 
words, a continuous giving off to the body of histamine taken in the form of 
nicotinic acid 

Dr Harold G Wolff It seems to me that this important work ought 
to be put into shape so it will be available to every one immediately It is basic 
Would It be possible for the investigators to give an equivalent amount of salt 
or dextrose to alternative patients wnth headaches of the same nature, magnitude 
and severity, under the same set of conditions in their laboratory', as when hista- 
mine is administered’ I think if the results obtained in the 75 patients treated 
W'lth histamine could be balanced with results obtained from such controls that 
It w'ould give much more evidence as to the specific action of histamine 
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Les ghomes infiltres du tronc cerebral By Georges Guillain, Ivan Bertrand 
and Jean Gruner Price, 450 francs Pp 286, with 119 illustrations Pans 
Masson & Cie, 1945 

If evidence is necessary of the outstanding achievements of the French scientists, 
It IS furnished by the magnificent book of Guillain, Bertrand and Gruner, written 
in the spirit of their masters Charcot and Mane, whom all neurologists may 
proudly call their masters A sui prising fact is the piesentation of this first 
French postwar book in the usual, fine manner of the Masson publishers 

The book discusses those not infrequently encountered infiltrating gliomas of 
the brain stem ( 5 per cent of a senes of 250 tumors of the brain) which frequently 
occur in childhood and present diagnostically misleading signs Headache, though 
present, does not indicate that the intracranial pressure is increased with these 
growths Papillostasis is absent m 60 per cent of cases These tumors aie 
accompanied with fever, suggesting the diagnosis of encephalitis or of acute 
multiple sclerosis, and the signs (hemiplegia or paraplegia associated with cere- 
bellar signs) are not contradictory to such a diagnosis, particularly since sensory 
disturbances are rare and nystagmus, dizziness and speech disturbances are fre- 
quent There is a remarkable abnormal position of the head Of the cianial 
nerves, the anterior group (third, fourth and fifth) are rarely affected, the 
posterior group (sixth to twelfth) are frequently involved The course is acute 
in many cases (two to four months or more) but rarely longer than two years 
This fact, together with the fever and the absence of a greatly increased intra- 
cranial pressure, accounts for the diagnostic difficulties 

Excellent pathologic descriptions accompany the clinical part of the text, and 
119 pictures illustrate the manifold kinds of tumors encountered in the 12 cases 
of the authors There may be an isomorphous, nondestructive or eccentric glioma- 
tosis, or the tumor may be rather circumscribed These gliomas consist principally 
of unipolar spongioblasts of a pseudoneuronophagic, infiltrative type, most promi- 
nent subpially and perivascularly However, all types of gliomas are represented 
Some appear as nodules, indicating a polycentnc growth Surprising m cases of 
these tumors is the relative intactness of the gray matter, contrasting with the 
demyehnation in the infiltrated areas The relative mtactness of the axons explains 
the lack of secondary degeneration 

Some predisposing factor, some faiblesse of the gha, may aid in the develop- 
ment of the tumor Of great interest is the discussion on the relation of these 
infiltrating tumors to some encephalitides, particularly the blastomatous form of 
Schilder’s disease, and to the gliomas in Recklinghausen’s disease, to which they 
have many similarities 

The only therapeutic measure recommended is palliative trepanation, which 
apparently prolongs the life of the patient 

To their own 12 cases the authors added 80 cases from the literature, citing 
them m a way that greatly increases the value of the work It is noteworthy that 
in the bibliography prior to 1920 one finds two American scientists only (Weisen- 
burg and Spiller), whereas in the bibliography of the past twenty-five years more 
than forty American names appear, evidence of the great interest in this field of 
neurologj'- in the United States 

In this book, the authors have attempted to employ a new approach to the 
complicated problem of the tumors of the glioma group which mav help solve 
some questions of interest to the neurologist 
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Manual of Diagnosis and Management of Peripheral Nerve Injuries By 
Lieutenant Colonel Robert A Groff, M C , A U S , and Lieutenant Sara Jane 
Houtz (P T ) A U S , with introduction bj' I S Ravdm, M D Price, S6 
Pp xii-f 188, with 111 figures Philadelphia J B Lippincott Co, 1945 

The high rate of peripheral nerve injury in the second world uar presented 
both a challenge and an opportunity' to clinical medicine and medical research, in 
a field which has been lelativelv inactive since the first world ivar Accordingly, 
several new books on peripheral nerve injuries liaie appeared iMthin a short time 
of each other 

The manual under review was designed by its authors “to provide the physician 
and physical therapist with a concise text containing the essential facts for the 
understanding, identification and management of injuries to the peripheral nerves” 
They may' be said to have fulfilled this task well if it is borne m mind that the 
book IS designed for “those individuals with little or no previous experience who 
have had the problems of nerv'e injuries forced upon them” To the specialist in 
physiology, neurology or neurosurgery' and to adv'anced students in these subjects 
the manual is less valuable, except for its emphasis m the first part on the 
physiologic basis of nerve reactions under normal and pathologic conditions 

In its nine chapters, which total less than sixtv pages, part I, on nerve injuries, 
discusses readably' and sw'iftly the general principles of the anatomy, phy'siology 
and neurology of nerve lesions It contains brief sections on the reaction of injured 
nerves, phenomena of recov'ery' and regeneration, operative treatment and post- 
operative care, including the treatment of causalgias Some unbalance is introduced 
through the relatively long sixth chapter, which deals with neurosurgical treat- 
ment Since m peacetime it would hardly be desirable for any but neurosurgeons 
to carry out the operations discussed therein, much of the chapter, dealing, as it 
does, briefly wnth preparation of the patient, anesthesia, position, surgical prepara- 
tion and instruments and, in about 8 pages, with tne technic of exposure and repair, 
appears to the review'cr to be disproportionate The authors devote a relatively 
large space (nearly two and one-half pages and a figure) to a modification of the 
Tarlov plasma glue technic, which has been used successfully by the senior author, 
but no mention is made of tantalum sutures or cuff 

The first part is illustrated with twelve drawings The value of the principal 
feature which figure 1 illustrates, die composition of a spinal nerve, becomes 
greatly minified because an added attempt was made to show the spinal cord in 
relation to a vertebra This figure contains errors both in the drawing and in the 
legend 

Part II of the manual is devoted to the details of clinical examination of 
peripheral nerve injuries It is introduced by a short chapter on muscle isolation 
and the principles and general rules of muscle testing It contains a brief dis- 
cussion of functional substitution The remainder of part II is essentially an atlas, 
with a minimum of text, dealing with functional examination of regions innervated 
by the cervical plexus, the brachial plexus, the thoracic nerves, the lumbar and 
sacral plexuses and the cranial nerves A highly schematic diagram is included 
with each section to show the distribution of the nerve groups Offsetting the 
defect of such schematic diagrams are seven good, large scale anatomic drawings, 
showing dissections of the major nerves, muscles and vessels of the face, arm and 
leg The detail illustrations, of wnich there are nearly one hundred, are line 
drawings and action diagrams, which should, as the authors intend, furnish a guide 
to the physical therapeutist for the administration of specific muscle exercises 
To the reviewer they are not as satisfying as photographs of illustrative cases 
A brief bibliography and a good index conclude the manual, w’hich should prove 
valuable to the physical therapeutist and as an introductory book for clinical 
practice 
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I ''HE MEASUREMENT of electncal skin resistance has been 
J- recommended by Richter and Katz ^ and Jaspei and Robb ^ as a 
practical test in the evaluation of injuries of peripheral nerves This 
method, in contrast to the sensory examination, does not depend on the 
cooperation of the patient It can therefore be used with uncooperative, 
or even unconscious, patients and may give objective results in cases of 
hysteria or suspected malingering Richter and Katz examined 10 
patients with injury of the ulnar nerv^e and found a correlation of skin 
resistance with sensory changes m most of them Of the 27 patients 
with various peiipheral nerve lesions* studied by Jasper and Robb, all 
but 2 showed a correlation of the areas of increased skin resistance with 
the areas of sensory loss This method is now being used on a large 
scale in the evaluation of nerve injuries and in the study of recovery 


Aided by a grant from the National Foundation for Infantile Paralysis 
From the Department of Neurology, Columbia University College of Physicians 
and Surgeons, the Neurological Institute of New York, and the United States 
Naval Hospital, St Albans, N Y 

This paper is a partial report of work done under a contract, recommended 
by the Committee on Medical Research, between the Office of Scientific Research 
and Development and Columbia University 

This article has been released for publication by the Division of Publications 
of the Bureau of Medicine and Surgery of the United States Navy The opinions 
and views set forth in this article are those of the writers and are not to be 
construed as reflecting the policies of the Navy Department 

h Kstz, D T Peripheral Nerve Injuries Determined 
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rr ^ P Studies of Electrical Skin Resistance in Periph- 

eral Nerve Lesions, J Neurosurg 2 261 (July) 1945 


365 





366 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


after various methods of suture (White and Hanilm'', United States 
War Department It is felt that the letuin of an increased skin 
resistance to normality is an indication of recovery of autonomic func- 
tion, primarily that of innervation of the sweat glands (Richtei, Jasper 
and Robb) 

During the past two years, a large series of peiipheial nerve injuries 
has been studied at the Neurological Institute of New York by a group 
of investigators working in collaboration with the United States Naval 
Hospital, St Albans, N Y The extent of the injurj^ has been deter- 
mined and the course of recovery, both spontaneous and after nerve 
suture, has been followed The objective was the evaluation of practical 
methods of studying motor, sensory and autonomic functions In cases 
of complete and partial denervation and during the course of reinnerva- 
tion, the extent of reduction of motor function, as defined by a thorough 
clinical examination, analysis of a moving picture film and chronaxia 
studies, of sensory function, as defined by clinical examination, and of 
autonomic function, as defined by electrical skin resistance, has been 
studied and correlated 

This paper presents the results of the investigation of the electrical 
skin resistance test as a practical means of evaluating dysfunction of 
peripheral nerves 

METHODS OF INVESTIGATION 

The electrical skin resistance was determined with the improved Dermohm- 
meter of Jasper ® The technic used was that described by Richter and his 
associates ® and by Jasper ^ and Jasper and Robb - Quantitative measurements 
were not taken regularly, as it proved that the gradient of electrical skin resistance 
between normal and impaired areas was usually great and the boundaries quite 
distinct After the area of sensory change was outlined, the electrical skin resistance 
of the normal areas was determined (basic resistance) The area with a change 
in resistance was then outlined The instrument has a very wide range of resistance 
values, and the variable resistor could always be adjusted so as to obtain a large 
scale deflection of the meter in the normal area In this way significant differences 
could be seen when they existed Finally, comparison was made always with 
corresponding areas of the other side The normal pattein of variation in low and 
high electrical skin resistance of the hands and feet, as mapped out by Richter, 
Woodruff and Eaton, ^ was also considered carefully 

3 White, J C , and Hamlin, H New Uses of Tantalum in Nerve Suture, 
Control of Neuroma Formation, and Prevention of Regeneration After Thoracic 
Sympathectomy, J Neurosurg 2 402 (Sept) 1945 

4 Neurological Diagnostic Techniques, United States War Department, Tech- 
nical Bulletin (TB Med 76), Washington, D C, Government Printing Office, 1944 

5 Jasper, H An Improved Clinical Dermohmmeter, J Neurosurg 2 257 
(July) 1945 

6 Richter, C P , and Woodruff, B G Changes Produced by Sympathectomy 
in the Electrical Resistance of the Skin, Surgery 10 957 (Dec ) 1941 Whelan, 
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We found that the normal sweating of the subject was usually quite adequate to 
make possible differentiation between noimal and denervated areas when the patient 
was examined in a fairly warm room On rare occasions only Furmethide (furfuryl 
tnmethyl ammonium iodide), 2 5 to S mg, given subcutaneously, was used to induce 
sweating and thus to lower a high basic resistance that made comparisons difficult 
and faulty It is felt that this drug stimulates sweat glands with intact nerve 
supply, but not denervated glands (Guttman «) 

Sensory examination consisted in the testing of tactile sensibility and pain 
sensations due to pinprick, with the occasional addition of two point discrimination, 
localization of pain and touch sense and deep pain sensation 

Examination of the motor function in this particular correlative study consisted 
m the usual clinical observation, supplemented with determinations of chronaxia 
Our material consisted primarily of 87 cases of injuries of the following 
peripheral nerves ulnar, median, radial, sciatic, peroneal and tibial Fifteen cases 
of injury of the brachial plexus were also studied In all cases the lesion was 
distal to the point of junction of the sympathetic fibers with the nerve 

The interval between injury and examination varied, since most patients were 
brought from overseas However, many cases of complete nerve section could be 
studied directly after operative procedures, especially that of “plasma glue suture” 
(Tarlov ®) 

Although many patients were examined several times m order to follow the 
course of improvement and the rate of regeneration, the time element involved in 
this slow process does not permit us to outline the results of testing during the 
whole course, from injury to complete recovery However, the results in cases 
of complete lesions of nerves and in cases of lesions of varying incompleteness 
can demonstrate the practical value of any test in following a course of regeneration 
In the material to follow, the results of the investigation of motor function, the 
sensory examination and the skin resistance test are correlated 

Motor function is classified as follows (1) complete paralysis and complete 
neuromuscular degeneration, (2) definite drop in chronaxia as compared with the 
values obtained in a former examination, but no response of muscles to stimulation 
of the nerve, (3) partial neuromuscular degeneration, with some muscles respond- 
ing to stimulation through the nerve 

The results of the sensory examination are simplified and classified as anesthesia, 
hypesthesia and hyperesthesia Emphasis is placed on the correlation between the 
electrical skin resistance and the sensory function Varying degrees of sensory 
loss in the total sensory area of the nerve are also considered in this correlation 

MATERIAL 

Injury to the Ulna Neive — In 10 of the 20 cases of injury to the 
ulnar nerve the total aiea supplied by this nerve was anesthetic In 

F G, and Richter, C P Electrical Skin Resistance Technic Used to Map 
Areas of Skin Affected by Sympathectomy and by Other Surgical or Functional 
Factors, Arch Neurol & Psychiat 49 454 (March) 1943 Richter and Katz i 

7 Richter, C P , Woodruff, B G , and Eaton, B C Hand and Foot Pat- 
terns of Low Electrical Skin Resistance Their Anatomical and Neurological 
Significance, J Neurophysiol 6 417 (Sept -Nov) 1943 

8 Guttman, S A Use of Furmethide m Testing Sweat Secretion in Man, 
Arch Neurol & Psychiat 51 568 (June) 1944 

9 Tarlov, I Af Autologous Plasma Clot Suture of Nerves Its Use in 
Clinical Surgery, J A AI A 126 741 (Nov 18) 1944 
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7 of these cases there was complete neuiomuscular degeneration, recovery 
being in the beginning phase in the remaining 3 cases In all but 1 of 
these cases with complete paialysis and sensoiy loss there was a 
definite mciease of electiical skin lesistance in an aiea which corre- 
sponded fairly well to the aiea of sensoiy loss In the 1 case no 
change in electiical skin resistance was found 

In 5 cases hypesthesia of the total ulnar area was piesent In c'll 
these cases signs of motoi recover}’- weie appaient In 3 cases there 
was a correlating aiea of increased electrical skin resistance In 2 
cases no change of electrical skin lesistance in the ulnar area as com- 
pared with sui rounding areas could be found, but in 1 case the resistance 
of the whole affected hand (ulnai, median and ladial areas) was 
decreased as compared with that on the other side 

In 1 case with slight motor recovery part of the ulnar area was 
anesthetic aird anothei pait hypesthetic The two sections showed equal 
increases m electrical skin resistance (fig lA) In another case the 
ulnar area consisted of a zone of anesthesia and one of h)’peresthesia 
An increase in electrical skin resistance was present only m the anesthetic 
area There were signs of very slight motor recovery (fig IB) lu a 
case with definite indications of motor legeneration part of the ulnar 
area was hypesthetic and another part hyperesthetic Only the 
hypesthetic area showed increased electrical skin resistance One area 
each of anesthesia, hypesthesia and hyperesthesia was found in a case 
with definite regeneration The total anesthetic area and parts of the 
hypesthetic and hyperesthetic areas showed increased skin resistance 
(fig 1C) In a case with advanced motor recovery the total ulnar 
area was hyperesthetic Part of this area showed an increase and the 
remaining part a decrease in skin resistance (fig ID) 

Thus, anesthetic areas were found in 13 cases In 7 of these cases 
there was complete motor paralysis, m 5, beginning motor recovery, 
and in 1, definite motoi regenei ation In 12 cases there was complete 
correlation of the anesthetic ai ea and the area of increased skin resistance 
In 1 case no change in electrical skin resistance was found 

Hypesthetic aieas were present in 8 cases In 4 of these cases 
slight, and in 4 definite, motoi recoveiy was present In 5 instances 
there was a complete con elation of the hypesthetic areas and the area of 
inci eased resistance In 1 case theie was a paitial con elation, and in 2 no 
change m the electrical skin resistance of the hypesthetic area was present 
Hyperesthetic areas were found in 4 cases Theie n ere definite motor 
lecovery in 3 cases and slight recoveiy in 1 case In 3 cases there was 
no change in electrical skin resistance in these areas In 1 case only partial 
correlation with an area of inci eased skin lesistance was found 

Decrease of electrical skin resistance in the entiie affected hand was 
found in 1 case 






Fig 1 — A, ulnar nerve injury Part of the ulnar area is anesthetic, another 
part IS hypesthetic Both zones show increased electrical skin resistance 

B, ulnar nerve injury, with areas of anesthesia and hyperesthesia The skin 
resistance is increased only in the anesthetic area 

C, ulnar nerve injury, with zones of an&thesia hypesthesia and hyperesthesia 
Increased skin resistance is present in the anesthetic area and in parts of the 
hypesthetic and hyperesthetic areas 

D, ulnar nerve injury, with hyperesthesia in the whole distribution of the ulnar 
nerve Part of this area presents an increase, and another part a decrease of electri- 
cal skin resistance 
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F:g 2 — A, median nerve injury, with anesthetic and hypesthetic areas 
general, the anesthetic area shows increase of electrical skin resistance 
B, median nerve injury, with hyperesthesia in the total area of the nerve 
of this area shows increase in electrical skin resistance 


In 

Most 



A 



Fig 3 — A, radial nerve injury, with anesthetic and hypesthetic zones No 
change in the skin resistance is present 

B and C, radial nerve injuries, with hypesthesia and small areas of increased 
skin resistance 

D, radial nerve injury, with hypesthesia and a partial area of increased skin 
resistance 

Ej radial nerve injury, with partial area of hypesthesia Only part of this area 
shows decrease of skin resistance 

F, injury to the brachial plexus with impairment of the median, radial musculo- 
cutaneous and posterior cutaneous nerves 

The area of increased skin resistance in the radial zone is larger than that in 
cases of pure radial nerve injuries 



Fig 4— Tibial nerve injury Left, area of anestliesia with correlating increased 
electrical skin resistance four months after the injury, right, small area of hyper- 
esthesia with normal skin resistance four months after plasma glue suture 




Fig 5 — A, injury to the brachial plexus, with increased skin resistance in the 
median and ulnar areas Part of the median area is hyperesthetic, the remainmg 
part and the ulnar area are anesthetic 

B, injury to the brachial plexus with hyperesthesia of the median and ulnar 
areas The skin resistance of the ulnar area is increased, the skin resistance of 
the median area is partly increased, partly decreased and partly normal 

C, injury to the brachial plexus with impairment of the musculocutaneous, 
median, ulnar and radial nerves The areas of hypesthesia and hyperesthesia do 
not correspond to the zones of normal, increased and decreased skin resistance 





Fig 6 — Ulnar nerve injury five months after repair of the nerve Increased skin 
resistance is present throughout the total ulnar area, with differentiation into 
anesthetic, hypesthetic and hyperesthetic zones 
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Injwy to the Meduin Nerve — Eighteen cases with injuries of the 
median nerve were studied In_6 cases anesthesia of the total area of the 
nerve was present In 4 of these cases there was complete motor paralysis 
with complete neuromuscular degeneration , m 1 case the nerve was m a 
state of advanced regeneration, and m 1 case no motor impairment 
was shown In 5 of these cases there was a complete correlation of 
the anesthetic area with the area of increased electrical skin resistance 
In the case with motor recovery the electrical skin resistance wat 
normal throughout 

In 3 cases areas of both anesthesia and hypesthesia were present 
m the median zone In all 3 cases slight or no motor regeneration was 
shown All the anesthetic areas showed increased electrical skin resis- 
tance The hypesthetic areas showed increased skin resistance m 
the whole area m 1 case, there was a partial correlation of the two 
areas m the second case and no change in skin resistance was found 
in the third (fig 2 A) 

In 4 cases the total median area, and m 1 case only part of the 
median area, was hypfesthetic In all these cases some degree of motor 
recovery was present In 3 cases there was a complete correlation of 
the hypesthetic area with the area of increased electrical skin resistance 
In 1 case only part of the area showed increased electrical skin resis- 
tance, and in another no change m skin resistance was present 

In 2 cases part of the median area was hypesthetic and another 
part hyperesthetic In both cases progressive motor recovery occurred 
In 1 case both zones showed increased electrical skin resistance In 
the other case the skin resistance of the entire affected hand was 
decreased as compared with that of the normal side 

In 2 cases m which the total median area was hyperesthetic there 
was definite motor recovery In 1 case there was a decreased skin 
resistance m the entire affected hand In the other case most of the 

I 

hyperesthetic area showed an increased resistance (fig 2B) 

Thus, anesthetic areas were found m 9 cases In 6 of these cases 
there was complete motor paralysis, in 2 cases, slight motor recovery, 
and in 1 case, no motor changes In 8 cases there was complete 
correlation of these areas with areas of increased electrical skin resis- 
tance In only 1 case were there no changes m the resistance 

Hypesthetic areas were present in 10 cases In only 1 of these 
cases was there complete paralysis , in 4 cases motor recovery was 
present In 5 of these cases there was a complete correlation of the 
hypesthetic areas with the areas of increased electrical skin resistance 
In 2 cases there was only a partial correlation In 3 cases no change 
in electrical skin resistance was present 

Areas of hyperesthesia occurred in 4 cases, in all of which definite 
motor recovery was present In 1 of these cases there was increased 
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skin resistance in an area correlating with the hyperesthetic area In 
another there was only a partial correlation, and in 2 cases the electrical 
skin resistance was normal 

Decrease of electrical skin resistance in the whole affected hand was 
found in 3 cases, in 2 of these the entire median sensory area was 
hyperesthetic, and in the third it was hypesthetic 

Injwy to the Radial Ne>-ve — Fifteen cases with injury to the radial 
nerve were studied 

An area of anesthesia, and this only partial, was found in 1 case 
The remaining part of the radial zone was hypesthetic, and the motor 
fimction in this case showed remarkable recovery No cliange of elec- 
trical skin resistance was found m the radial area as compared with 
that of the surrounding skin, but the resistance was decreased in the 
whole affected hand as compared with that on the other side (fig 3 A) 

In 13 cases the total radial area was hypesthetic In 3 of these 
cases there was complete paralysis, in 3, only slight motor recovery, 
and in 7, more advanced motor recovery In Only 5 of these cases 
could a small area of increased skm resistance be found This was a 
small, usually half -moon-shaped area, situated slightly above the triangle 
between the thumb and the forefinger (fig SB and C) It was present 
in 1 case with complete paralysis, in 3 cases with slight motor recovery 
and 1 case with fairly good motor recovery 

In 7 cases the hypesthetic area did not show any change in electrical 
skin resistance, and m an additional case a part of tlie hypesthetic area 
showed a decrease in skm resistance (fig 3D) 

In 1 case only a part of the radial area presented hypesthesia, and 
part of this area showed a decreased skm resistance (fig 3E) 

Hyperesthetic areas were not found in the cases of injuries to the 
radial nerve 

In 4 cases the whole affected hand presented a decrease of skin 
resistance as compared with that on the other side 

Injmy to the Sciatic Nei've — Sixteen cases with injuries to the 
sciatic nerve were investigated 

In 11 of these cases there was complete motor paralysis, and m 
5 motor recovery was m progress In 12 cases there was complete 
anesthesia of the total sensory distribution of the nerve In 4 cases 
the anesthetic zone was only partial, in 2 of these 4 cases there was 
hypesthesia in the remaining zone, in 1 case, hyperesthesia, and in 1 
case the tibial area was anesthetic and part of the peroneal area was 
hyperesthetic In the last case there were complete paralysis of muscles 
supplied by the tibial nerve and good motor recovery in the distribution 
of the peroneal nerve 



HERZ ET AL— PERIPHERAL NERVE INJURIES 


371 


There was a complete correlation between areas of increased elec- 
tncal skin resistance and areas of anesthesia in all cases In only 1 
of the cases with partial hypesthesia was the skin resistance increased 
in this area In 2 cases with partial hypesthesia, as well as in the 2 
cases with hyperesthetic areas, no increase of skin resistance could be 
found In 1 case with a hyperesthetic area there was a correlating 
area of decreased skin resistance 

Injury to the Peroneal Nerve — ^Fourteen cases of injury to the 
peroneal nerve were investigated 

In 5 of these cases there was complete paralysis, in 2, very slight 
motor recovery and in 7, advancing motor recovery In 8 cases the 
total peroneal area was anesthetic, with complete paralysis in 5 cases 
and motor recovery in 3 cases In 7 of these cases there was a 
complete correlation between the anesthetic areas and the areas of 
increased skin resistance In 1 case the area of increased resistance 
was somewhat smaller than the area of anesthesia 

In 5 cases the whole peroneal area was hypesthetic In all these 
cases there was some motor recovery In 2 cases there was a complete, 
and in 3 cases only a partial, correlation of the hypesthetic areas and the 
areas of increased skin resistance In 1 case with definite motor recovery 
and a partial area of hypesthesia no change m skin resistance was 
present Hyperesthetic areas were not found 

Injury to the Ttbial Nerve — Four cases of injury to the tibial nerve 
were studied 

In only 1 was there complete paralysis, motor recovery being present 
to some degree in the others In all 4 cases the total sensory area was 
anesthetic and there was a complete correlation of this area with an 
area of increased electrical skin resistance 

In no case of peripheral nerve injury in the lower extremity was 
there decrease of skin resistance in the entire affected extremity as 
compared with that on the other side 

Injury to the Brachial Plexus — Fifteen cases with injuries to the 
brachial plexus were studied Various combmations of complete or 
partial injuries of the several nerves of the upper extremity were 
found, but the degree of motor, sensory and autonomic function varied 
to such an extent that a statistical evaluation seemed impossible How- 
ever, certain cases of this senes have been used when particular questions 
could be clarified 

COMMENT 

The practical value of the electrical skin resistance test in the 
evaluation of peripheral nerve injuries depends on the information it 
gives in addition to the results of examinations of the motor and sensory 
status The present investigation was concerned therefore with the 
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correlation of impairment of the autonomic nervous system, as found 
with the electrical skin resistance test, with changes in motor and, par- 
ticularly, sensory function It has been assumed, predominantly on 
the basis of the results of sweating tests, that the sensory and the 
autonomic fibers have a common course m the mixed peripheral nerve 
and supply approximately the same area of the skin The question 
then arises whether the two tests, sensory examination and electrical 
skin resistance test, yield similar results under the same conditions, 
whether one test can be substituted for the other or whether the results 
of the two tests really supplement each other and the variations between 
the two warrant a careful evaluation of the situation caused by complete 
or partial nerve injury In former investigations the degree of sensory 
loss was somewhat neglected in the correlation of impaired sensory 
and autonomic function 

In the present evaluation, 87 cases of injuries of the ulnar, median, 
radial, sciatic, peroneal and tibial nerves were used Areas of complete 
sensory loss were found m 51 cases In 47 of these cases a correlating 
area of increased skin resistance was shown This almost complete 
correlation confinns the findings of Richter and Katz ^ and Jasper 
and Robb - and demonstrates the value of the electrical skin resistance 
test in mapping anesthetic areas caused by peripheral nerve injuries 

The evaluation of the results of testing hypesthetic areas is rather 
complicated In 40 instances aieas of merely partially impaired sensory 
function were found In 13 of these cases an area of increased skin 
resistance coincided with the hypesthetic area In 11 instances there 
was only a partial correlation, and in 16 cases no change of skin 
resistance could be found This discrepancy between the results of the 
sensory examination and those of the skin resistance test cannot be 
neglected It implies that nerve lesions which are partial, either 
because the nerve injury was incomplete or because regeneration has 
taken place, may affect sensory and autonomic functions, respectively, 
in varying degrees 

The most plausible assumption might be that impairment or recovery 
of sensory and that of autonomic function have not run parallel If, for 
instance, the electrical skin resistance of an area is normal, one might 
assume that autonomic function has been restored whereas sensory 
function IS still defective This information would be valuable as an 
indication of some continuity of the nerve or of some progress " m 
repair Furthermore, in some cases it was found that the area of 
increased skin resistance was definitely smaller than the hypesthetic 
area Again, it could be stated that partial persistence or restoration of 
autonomic function existed These significant conclusions might be 
justified to some extent when serial tests have been made, but on the 
occasion of the first examination one should avoid premature conclusions 
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Hypestliesia is regarded as evidence of partial impairment of the 
nerve But in cases of complete motor paralysis of the radial nerve 
and known complete section of the nerve, as m cases in which 
examination was made a short time after plasma glue suture with 
revision of both nerve ends, only hypesthesia was present m the radial 
area The time interval was too short for any sensory regeneration 
to have taken place, although there may have been “overlap” Of 
these 8 cases of pure radial nerve injuries a very small area of increased 
electrical skin resistance was present m only 5 This area might easily 
have been overlooked (fig 3 B and C) 

Foerster,^° after studying the great individual variations m the 
cutaneous area supplied by the radial nerve, concluded that this ner\e 
does not possess a constant autonomous area The neighboring areas 
of the ulnar, median and dorsal and lateral antibrachial cutaneous 
nerves apparently “overlap” the area of the radial nerve to a varying 
degree The small half-moon-shaped area of increased resistance which 
we found coincides with the area of anesthesia which Foerster found 
in some of his cases The area of increased resistance in the zone 
of the radial nerve may become larger when the neighboring nerves are 
involved In a case of injury to the brachial plexus (fig 3 F) a larger 
area of increased electrical skin resistance was demonstrated in an 
extensive area of sensory loss due to involvement of the median, radial, 
posterior cutaneous and musculocutaneous nerves 

It would seem, therefore, that there is sufficient evidence to indicate 
not only that the sensory area of the radial nerve is variable and lesions 
of this nerve cause mainly a hypesthesia, but also that the autonomic 
fibers are few and lesions of th'is nerve alone do not produce areas of 
increased skin resistance m a large proportion of cases The absence 
of changes in electrical skin resistance in cases of injuries to the radial 
nerve is thus of no significance 

In instances of injuries of other nerves hypesthesia may also not 
be due to partial impairment or to regeneration of the nerve which 
supplied this area with sensory fibers The affected nerve may be 
completely injured but part of the sensory area may be functioning 
to some extent Foerster differentiated between the “autonomous 
areas, exclusively supplied by one nerve, and the “maximal area,” 
which remains when all neighboring nerves to this region are severed 
The term “mixed” or “intermediate area” is applied to the zone of 
multiple sensor}’^ innervation The “subsidiary area” of a nerve is that 
region of its sensory innervation aside from its autonomous area (i e , 
the extension into the “mixed area”) The difference between 

10 Foerster, O, in Le\s andoi\ skj , M Handbuch der Neurologie, Berlin, 
Julius Springer, 1929, supp , pt 2 
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autonomous areas and maximal area, or the average extension of sensory 
defects, as elaborated from various multiple nerve lesions, is shown in 
figure 7 (from Foerster Pollock and Weddell, Guttmann and 
Gutmann pointed out that soon after nerve section the area of 
sensory loss undergoes progressive shrinkage This shrinkage was 
regarded as due to “overlap” and concerns chiefly the fibers for pain 
sense This situation was further studied by Guttmann and Highet,^^ 
who found that this “progressive shrinkage of the area of sensory loss 
by nerve overlap [occurs] at a time when there was no possibility of 
true recovery by regeneration ” It was also noted by Guttmann 
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that the overlaps of pain sensation and sweating function are “con- 
spicuous and similar ” Gutmann and Guttmann finally concluded, 


11 Pollock, L J Nerve Overlap as Related to the Relatively Early Return 
of Pain Sense Following Injury to the Peripheral Nerves, J Comp Neurol 32 357 
(Dec) 1920 

12 Weddell, G , Guttmann, L, and Gutmann, E The Local Extension of 
Nerve Fibers into Denervated Areas of Skin, J Neurol & Psychiat 4 206 
(July-Oct) 1941 

13 Guttmann, L , and Highet, W B , cited by Highet 

14 Guttmann, L Topographic Studies of Disturbances of Sweat Secretion 
After Complete Lesions of Peripheral Nerves, J Neurol & Psychiat 3 197 (July) 
1940 

15 Gutmann, E , and Guttmann, L Factors Affecting Recovery of Sensor\ 
Function After Nerve Lesions, J Neurol & Psychiat 5 117 (July-Oct ) 1942 
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by means of animal experiments, that the complex process of recovery 
of sensation has three components 

1 “Recovery” in zones of “overlap,” or intermediate zones, by the 
resumption of “readjustment” of function by fibers of adjacent nerves 
The nature of this process is at present obscure and is fully discussea 
by these authors 

2 Anatomic extension of fibers from adjacent nerves into the 
denervated area, even into the autonomous zone This extension of 
neighboring nerve fibers into the area of the interrupted nerve was 
demonstrated histologically in animal experiments by Wedell, Guttmann 
and Gutmann 

3 Regeneration of the interrupted nerve, or “true” sensory regen- 
eration 

Highet,^® using a technic of peripheral nerve block with procaine 
and especially blocking the neighboring nerves of the nerve in question, 
studied the difference in size of the maximal and autonomous zones and 
the problems of anomalous sensory loss and “recovery” by means of 
“overlap ” 

The aforementioned findings are extremely important in the evalua- 
tion of hypesthetic areas and of areas without increase in the electrical 
skin resistance in the distribution of an injured nerve Thus, restoration 
of sensory and autonomic function may be due to subsidiary function 
(physiologic or anatomic overlap) of neighboring nerves, particularly 
when it IS found in intermediate areas and encroaching only on the 
autonomous area Furthermore, it is quite possible that sensory and 
autonomic functions may be reinnervated in this manner in a variable 
or nonparallel degree Consequently, the reappearance of normal 
electrical skin resistance need not be always or solely due to true 
regeneration of the autonomic nerve fibers The case in figure 4 is 
an example of the possibility of subsidiary autonomic function of the 
neighboring nerve The tibial nerve was injured on Feb 23, 1945 
Figure 4, left, shows the area of anesthesia and increased electrical skin 
resistance found on June 15 In July 1945 a plasma glue suture w. s 
performed On Nov 6, 1945 the patient was reexamined, and a 
small area of hyperesthesia was found on the plantar surfaces of the 
second and third toes and the interspace between these toes , skin resist- 
ance was normal in a correlating area (fig 4, right) which is prob- 
ably a subsidiary area of the distribution of the deep peroneal nerve 
In these instances only investigation of the neighboring nerves with 
the nerve block technic could clarify the situation and demonstrate the 
true innervation of the area in question Furthermore, the extent of 

16 Highet, W B Procaine Nerve Block m the Investigation of Peripheral 
Nerve Injuries, J Neurol &. Psychiat 5 101 (July-Oct ) 1942 
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the autonomous areas of the autonomic distribution of the peripheral 
nerves has still to be determined more definitely Thus, one can 
conclude that the presence of an area of normal skm resistance m the 
distribution of an injured nerve is not a definite indication of a partial 
lesion or a sign of regeneration 

In 10 cases hyperesthetic areas were found In 5 cases the electrical 
skm resistance was normal In 2 cases the hyperesthetic area coincided 
with the area of increased skin resistance, and in 1 case there was only 
a partial correlation In 1 case the hyperesthetic area showed a 
decrease of skin resistance In 1 case m which the total ulnar area 
was hyperesthetic zones of both increased and decreased skin resistance 
were present in this area In addition, in 2 of these 10 cases the whole 
affected hand showed a decreased skin resistance 

In some cases of injury of the brachial plexus with hyperesthetic 
zones the correlation of the sensory status and the skm resistance 
was complicated Three cases will illustrate this problem In case 1 
(fig 5 A) the skin resistance was increased m the median and ulnar 
distnbution, but part of the median area was hyperesthetic and the 
remaining part and the ulnar area were anesthetic In case 2 (fig SB) 
there was hyperesthesia of the median and ulnar areas of the entire 
palm, the skm resistance of the ulnar area was increased, and that 
of the median area was partly increased, partly decreased and partly 
normal In case 3 (fig 5 C), an instance of injury to the brachial plexus 
with impairment of the musculocutaneous, median, ulnar and radial 
nerves, the areas of hypesthesia and hyperesthesia did not correspond 
to the areas of normal, increased and decreased skin resistance 

From our findings it can be concluded that there is no definite 
relation between changes in electrical skm resistance and areas of 
hyperesthesia 

A decrease m skin resistance of the affected area as compared with 
that of the surrounding areas of the same extremity was found m only 
4 cases, in all of which definite motor recovery took place In 2 of these 
cases the sensory areas were hyperesthetic, and m the other 2, 
hypesthetic A decrease m skm resistance of the entire affected hand 
occurred in 8 cases (4 of radial, 3 of median and 1 of ulnar nerve 
injury) In all these cases there was evidence of motor and sensory 
recovery In 6 instances there was hypesthesia, in 1 case hyperesthesia, 
and in 1 case both hyperesthetic and hypesthetic areas were present 

Thus, there are two types of circumstances in which decrease in 
skin resistance occurs , different underlying mechanisms may be respon- 
sible It IS quite possible that during the course of regeneration an 
‘ irritative" process causes autonomic hyperfunction in the area of 
distribution of the involved nerve When the entire hand is involved, a 
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more complex “reflex” mechanism may play a role (Guttmann but 
the nature of such a mechanism is quite uncertain 

An attempt was also made to correlate autonomic with motor 
function In the series of 87 cases there were 36 with complete neuro- 
muscular degeneration Of the 47 cases with anesthetic zones and 
complete correlation with skin resistance, neuromuscular degeneration 
was complete in only 29, there being signs of motor recovery in the 
other 18 cases This indicates that motor recovery, as evaluated by 
chronaxia, may be an earlier and more sensitive indicator of ner\e 
regeneration In 51 cases there was evidence of motor recovery and 
no real correlation with sensory or autonomic function It should be 
mentioned that anomalous innervation of muscles by neighboring 
nerves or supplementary and “trick” movements and local extension of 
nerve fibers (from neighboring nerves) into denervated muscle (Van 
Harreveld must be considered when motor recovery is being evalu- 
ated The nerve block technic of Highet may also be used to solve 
these problems 

Cotose of Regeneiatton — The entire course of regeneration, from 
the time of injury to the complete restoration of function, could not be 
evaluated in this series, as insufficient time has elapsed However, 
the investigation of intermediate stages revealed certain principles which 
should be valuable in further studies It is evident that all three 
functions — motor, sensory and autonomic — should be considered 
significant, as it has been shown that in many cases there is no 
correlation in the degree of recovery of these functions Generally, 
recovery of motor function seems to be the earliest sign of regeneration, 
particularly in cases of injury to the nerves of the lower extremity, but 
also to some extent in cases of high lesions of nerves of the upper 
extremity m which the distance between the lesion and the muscles to be 
reinnervated is shorter than that between the lesion and the sensori- 
autonomic areas Also, as previously discussed, the restoration of 
sensory and autonomic function in the area of the distribution of a 
certain nerve may not necessarily indicate regeneration of sensory 
and autonomic fibers of the injured nerve 

Increased electrical skin resistance was m all cases an indication 
of injured nen^e function The lack of increased skin resistance m the 
distribution of a definitely injured nerve does not necessarily mean the 
appearance of regeneration, it was noted especially with total injuries 
of the radial nerve and with partial lesions of other nerves 

In some cases the sensory examination revealed definite signs of 
recovery, whereas the skin resistance remained as high as before 

17 Van Harreveld, A Re-Innervation of Denervated Muscle Fibers bi 
Adjacent Functioning Motor Units, Am J Physiol 144 477 (Sept ) 1945 
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In a case of complete ulnar nerve injury at the wrist examination, five 
months after repair, showed that skin lesistance was increased to the 
same degree thioughout the entire ulnar area but that there were zones 
of hypesthesia and hyperesthesia, m addition to a small area of 
anesthesia (fig 6) 

The appearance of a decrease of skin resistance in the area of 
an injured nerve might be an indication of definite regeneration, but 
enough data of this type have not yet been collected to warrant 
definite conclusions Thus, examination of skin resistance alone 
does not always give the entire available information concerning the 
degree of regeneration at a given time Serial qualitative and, 
especially, quantitative studies of the degree of increase and diminution 
of this value during recovery will lend a higher accuracy to the use of 
the electrical skin resistance test 

Foerster has pointed out that the restitution of sensory function 
requires a much longer time than motor function There is nothing 
known as yet about the regeneration of autonomic fibers except for 
the work of Neumann, Grundfest, Berry, Rule and Cohn,^® who showed 
that after the section and suture of the sciatic nerve of the cat fifteen 
to thirty weeks elapsed before the first signs of sweat production were 
obseived The complicated situation with partial nerve injuries and 
during regeneration indicates that one should not rely too much on the 
results of the skin resistance test until more is known about the rate 
and mode of autonomic regeneration 

SUMMARY 

The electrical skin resistance test was evaluated in 87 cases of 
injuries of the median, ulnar, radial, sciatic, peroneal and tibial nerves 
An additional 15 cases of injuries of the brachial plexus were studied 
The results of the skin resistance test were correlated with the degree 
and area of sensory impairment and the degree of motor dysfunction 

In cases of complete nerve injury the area of increased electrical skin 
resistance coincided well with the area of sensory loss and the degree 
of motor paralysis The skin resistance test is therefore valuable m 
mapping anesthetic areas 

In cases of partial nerve lesions, due either to incomplete injury 
or to some degree of recovery, there was no regular correlation of the 
electrical skin resistance, the hypesthetic or hyperesthetic areas and the 
motor status Fundamental physiologic and anatomic mechanisms 
responsible for this irregularity are discussed 

18 Neumann, C , Grundfest, H , Berry, C M , Rule, C, and Cohn, A E 
Return of Function of Sweat Glands After Cutting or Crushing Sympathetic 
Nerves, Proc Soc Exper Biol & Med 27 (Oct) 1943 
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The appearance of decreased electrical skin resistance in the area 
of distribution of the injured nerve and the whole affected hand is 
discussed 

Certain principles in the evaluation of the course of regeneration 
with the skin resistance method are considered 

The electrical skin resistance test does not give definite infor- 
mation for the diagnosis and evaluation of partial dysfunction of 
peripheral nerves In our material examination of motor and sensory 
functions revealed more practical data However, the continued study 
of the electrical skin resistance can certainly advance knowledge of 
autonomic innervation 

710 West One Hundred and Sixty-Eighth Street (32) 
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I N PREVIOUS publications concerning the electroencephalographic 
evaluation of primary behavior disorders in children ^ and of psycho- 
pathic personality in adults,” we reported correlations with age, sex, 
family history and antecedent severe illness or cerebral injury of early 
childhood, which previously had not been considered of etiologic 
significance Statistical analyses revealed that electroencephalographic 
abnormality was unrelated to age and sex but was related to either a 
“positive” family history or a personal history of cerebral trauma or 
severe illness The inference was that the abnormal electroencephalo- 
gram was of either genogemc or histogemc origin and thus represented 
some aspect of the neural limits of the organism The original number 
of patients under study has been increased, thus permitting more com- 
plete statistical analyses, from which further implications may be drawn 
The present communication has this for its purpose 

Because of the consistency of the findings in the two previous studies 
and the clinical similarities of the two diagnostic groups, study of the 
groups singly and in combination would seem warranted The patients 
designated as having primary behavior disorders were characterized, in 
the main, not by a single simple habit or disturbance of conduct but by a 
multiplicity of these disturbances Only the patients with the more 
serious behavioral problems were brought to the hospital, as those with 

From the Iowa State Psychopathic Hospital and the State University of Iowa 
College of Medicine 

1 Gottlieb, J S , Knott, J R, and Ashby, M C Electroencephalographic 
Evaluation of Primary Behavior Disorders in Children Correlations with Age, 
Sex, Familj' History and Antecedent Illness or Injury, Arch Neurol & Psychiat 
53 138-143 (Feb) 1945 

2 Knott, J R, and Gottlieb, J S Electroencephalographic Evaluation of 
Psychopathic Personality Correlations with Age, Sex, Family History and 
Antecedent Illness or Injury, Arch Neurol & Ps>chiat 52 515-519 (Dec) 
1944 
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the less severe disorders had been cared for by various therapeutic 
agencies As a result, then, the groups of patients designated as having 
either primary behavior disorders or psychopathic personality were 
chaxactenzed on the behavioral level by outspoken social maladjustment, 
which had been either continuous or repeatedly recurrent over a 
relatively long period The chief symptoms were one or more of the 
following delinquency and law breaking, socially unconventional 
behavior, emotional instability or other affective liabilities • and/or 
aberrant sexual behavior There were stereotyped deviations in the 
moral, social, sexual and/or emotional components of their personalities 
The maladjustment m the patients of both groups, furthermore, was 
not attributable to defects m intelligence, structural diseases of the 
brain, epilepsy, psychoneuroses or psychoses 

These two diagnostic groups were separated arbitrarily on the basis 
of age, disturbances m patients of 16 years oi above being considered 
as psychopathic personality and disturbances m patients of 15 years 
or below as primary behavior disorders Thus, on a descriptive level, 
the concept of psychopathic personality became an extension of the 
concept of primary behavior disorders m children with refeience to the 
age factor — this, irrespective of the lecognition that the prognosis for 
some members of the younger group was better than the prognosis for 
members of the older group — a difference which may be related to 
therapeutic intercession nearer the origin of the behavioral difficulty, 
to the plasticity of the developing personality of a younger person, m 
contrast to the rigidity of the personality of the older one, and/or to 
the differences m etiologic composition of the constellations of factors 
leading to the development of these categories 

The definitions are so broad as to be indicative of a heterogenous 
collection of disturbances m behavior and cannot be considered adequate 
for clinical entities Both primary behavior disordeis and psychopathic 
personality may be considered categories composed of a number of 
conditions The composition of each category m terms of the types of 
clinical conditions and their relative proportions may, and probably do, 
vary By comparative studies, differences may be obtained and evaluated, 
with the ultimate expectation of better definition, etiologic, as well as 
descriptive , of better understanding of the composition of the categories, 
and, possibly, of segregation of clinical entities 

METHOD 

The present method of study has been described in considerable detail else- 
where ® Here it has been applied to 100 patients with primary behavior disorders 
and 100 patients with psychopathic personality for whom detailed psychiatric, 
physical, neurologic, laboratory, psychometric and social records had been 


3 Gottlieb, Knott and Ashby ^ Knott and Gottlieb - 
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obtained These patient populations were maintained as homogeneous as possible 
by the exclusion of all with questionable diagnoses No patient was included 
whose symptoms were suspected of being related to epilepsy, psychoneurosis, psy- 
chosis or sequelae of a physical illness or injury or whose intelligence quotient 
was below 80 

Certain data were selected and used as criteria for the designation of the family 
history as positive There were four ancestral types which thus could be clearly 
defined and labeled on the basis of the presence of one of the following con- 
ditions (1) psychosis, (2) maladjusted personality, (3) chronic alcoholism and 
(4) epilepsy The use of the term “psychosis” needs no explanation except to 
say that in many instances the type of such disorder could not adequately be 
determined through the use of the historical method The term “maladjusted 
personality” was applied to those relatives for whom there was evidence of severe 
social maladjustment (nonpsychotic) and in whom there was apparent difficulty 
in emotional control Although the term “psychopathic personality” could not be 
used, as few of the antecedents had had clinical examinations, the descriptions 
of their personalities and the histones of their apparent chronic inadequate 
adaptation to society resembled this diagnostic category Chronic alcoholism was 
almost always only one aspect of a severe personality disturbance In fact, the 
personalities and the types of adjustment of persons with chronic alcoholism 
resembled those of the patient designated as “maladjusted personality ” Only the 
chronic addiction to alcohol allowed their designation m a separate category The 
term "epilepsy” needs no explanation 

The antecedent illnesses and injuries which were selected were (1) pre- 
maturity, (2) birth injury or questionable birth injury (actually no definite 
instance was included, the cases placed in tins category were all in question, the 
historical evidence indicating mainly prolonged labor or difficulty in delivery) , 
(3) head injury complicated by unconsciousness, (4) severe illness complicated 
by delirium, coma or severe stupor (on the basis of the historical material, these 
illnesses could be divided into very severe and moderately severe, the term 
“very severe” referring to those illnesses complicated by delirium or coma and 
meningeal irritation and followed by regression in development and the term “moder- 
ately severe” referring to those illnesses complicated by only delirium or coma) , 
(5) convulsions in infancy not considered epileptic in origin, and (6) a period of 
anoxemia, either at birth or later m life 

Six lead electroencephalograms were obtained with a Grass ink-writing 
oscillograph in the usual way from virtually all the patients (fpr the small minority 
three lead records were made) The records of the patients 15 years of age or 
under were classified according to the method described in a previous publication ^ 
Essentially, the records were classified as normal or other than normal, depending 
on their similarity to age frequency limits of neurologically screened normal chil- 
dren, as determined by Lindsley and Gibbs and Gibbs ® If the frequencies were 
within these defined limits, the record was considered as normal If in addition 
there were some nondominant too slow or too fast frequencies, the record was 
considered as questionably normal (Such recoids were not included in the final 
statistical treatment of these data because of their uncertain allocation ) If the 

4 Lindslej^ D B A Longitudinal Study of the Occipital Alpha Rhythm 
m Normal Children Frequency and Amplitude Standards, J Genet Psychol 55 
197-213 (Sept) 1939 

5 Gibbs, F A , and Gibbs, E L An Atlas of Electroencephalography, 
Catnbi idge, Mass , Lew A Cummings Co , 1941 
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dominant frequencies were above or below the age norm recurrently, continuously 
or paroxysmally, the record was classified as abnormal The records of the 
patients 16 years of age or over were classified according to the frequency scale 
of Gibbs, Gibbs and Lennox ® A 97 per cent agreement was obtained by one of 
us ( J R K ) with the ratings of Dr F A Gibbs on the rereading of records 
which he loaned to us 

All records were obtained from the patients in the waking state, with closed 
eyes but without hyperventilation 

DATA 

The electroencephalograms for both the 100 patients with primary 
behavior disorders and the 100 patients with psychopathic personality 
are presented m table 1 All electroencephalographic patterns not 


Table 1 — Incidence of ElccU oencephalographtc Paftei ns with Relation to Pi unary 
Behavior Disorders and Psychopathic Personality 




Number 

Total Incidence 



or 


of Abnormal 

Category • 


per Cent 

Patterns 


Primary Behavior Disorders 




N 


37 



QN 


7 



RA 


31 ' 



OA 


11 


50 

P 


14 J 



Total 

Psychopathic Personality 

100 



N 


42 



Si 


43 ■ 



Pi 


3 



Sa 


9 


68 

Ps 


1 



P 


2 



Total 


100 




* In accordance with both the electroencephalographic classification for children described 
under “method" and the classification for adults of Gibbs, Gibbs and Lennox,” N Indicates 
a normal, QN, a questionably normal, RA, a recurrently abnormal, OA, a continuously 
abnormal, and P, a paroxysmal electroencephalographic pattern Si Indicates moderate 
amount of activity slower than S% cycles per second In any lead. Pi, moderate amount of 
activity faster than 12 cycles per second in any lead, Ss, great amount of activity slower 
than 8% cycles per second in any lead, and Pa, great amount of activity faster than 12 cycles 
per second m any lead 


considered as normal or questionably normal were designated as 
abnormal and for statistical purposes were treated as one category 
Although the classificatory scales differ for the two diagnostic groups 
and the results can be compared directly only m part, the percentages 
of abnormality, 56 and 58, respectively, were very similar These 
percentages are considerably higher than those reported for presumably 
normal children and adults For a group of 270 unscreened children on 

whom records were made by one of us (J R K ) the percentage of 

abnormality was approximately one-quarter the value of that for 

6 Gibbs, F A , Gibbs, E L, and Lennox, W G Electroencephalographic 

Classification of Epileptic Patients and Control Subjects, Arch Neurol & Psy- 

chiat 50 111-128 (Aug) 1943 
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the group of problem children The most comprehensive electro- 
encephalographic study of normal children has been made by Henry ^ 
Through a personal communication, he indicated that his percentage 
of abnormal records was approximately one half of ours when essentially 
the same classification was used Since the classificatory scale used for 
adults IS the one described by Gibbs, Gibbs and Lennox,® compari- 
sons may be made with the data obtained by these authors on 
neurologically screened subjects For 1,000 of these subjects they 
reported an incidence of 15 8 per cent abnormal electroencephalograms 
This IS approximately one-fourth the occurrence of abnormality in our 
material 

One difference m the electroencephalographic abnormalities between 
patients with primary behavior disorders and patients with psychopathic 
personality is presented in table 1 There were 14 patients with primary 
behavior disorders who had paroxysmally abnormal electroencephalo- 
grams, whereas only 2 of the patients with psychopathic personality 
had similar electrocortical potentials This difference has considerable 
meaning in terms of probabilities Whereas a control normal adult 
population has an incidence of 0 9 per cent of paroxysmal waves, an 
epileptic population has at least 30 per cent® Thus, a paroxysmally 
abnormal electroencephalogram would seem to indicate a high relation- 
ship to epilepsy The inference seems clear that m spite of an attempt 
to eliminate all patients with epilepsy the younger group may contain 
patients who do not as yet show specific symptoms but who are 
potentially epileptic The adult group may contain fewer such patients, 
since the aging process would assist in selectively preventing patients 
from being included in this group 

Although the distribution of the electroencephalographic patterns for 
patients with primary behavior disorders may suggest the inclusion 
of a small number who are potentially epileptic, the majority cannot 
be thought of as belonging to that clinical category The high incidence 
of abnormal electroencephalograms for patients in the two diagnostic 
groups suggests that the cause of this abnormality must be sought 
elsewhere So far as is known, permanent or relatively long-lasting 
electroencephalographic activity outside normal limits has been ascribed 
only to factors of inheritance, injury or infection of the brain and 
disturbances of cerebral metabolism It, therefore, becomes pertinent 
to examine the historical material in terms of a positive family history 
and antecedent severe illness or cerebral injury to ascertain (1) the 
incidence of these factors with relation to the two conditions and 
(2) their relation to the abnormal electroencephalogram 

7 Henry, C E Electroencephalograms of Normal Children, Monographs 
of the Society for Research m Child Development, Washington, D C, National 
Research Council, 1944, vol 9, no 3, 1-71 
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First, the incidence of the components both of a positive family 
history and of a personal history of severe illness or cerebral injury 
may be considered The data are presented m table 2 The com- 
ponents, or factors, for a positive family history are epilepsy, maladjusted 
personality, alcoholism and psychosis In the analysis, both direct 
and collateral lines were included The components, or factors, for 
illness or injury are anoxia, convulsions, head injury, severe illness, 
birth injury and prematurity Irrespective of the number of times 
any one factor occurred m a patient’s history, it was recorded but once 
When two or more factors occurred, they were so recorded Thus, 
there was a t'^tal of 80 factors in the family histones for 50 patients with 

Table 2 — Incidence of the Components or Factors of Positive Family History, 
Antecedent Seveie Illness and Ceiebral Injury Among Patients with Primary 
Behavior Disoidets oi Psychopathic Peisonality 


Primary Behavior Psychopathic 

Disorders Personality Totals 


^ ' “ ' ■ ■ ' ■ - f—' ^ 

No of No of No of No of No of No of 
Patients Factors Patients Factors Patients Factors 


Family history 






Epilepsy 


8 


5 

13 ( 6 5%) 

Maladjusted personalitj 


33 


37 

70 (35 0%) 

Alcoholism 


19 


21 

40 (20 0%) 

Psychosis 


20 


23 

43 (21 S%) 

Totals 

oO 

80 

59 

86 

109 (54 67o) 

Illness or injury 






AnoMa 


0 


2 

2(10%) 

Convulsions 


10 


4 

14 ( 7 0%) 

Head injury 


10 


10 

20 (10 0%) 

Severe illness 


38 


16 

53 (26 6%) 

Birth injury 


19 


5 

24 (12 0%) 

Prematurity 


5 


2 

7(3 6%) 

Totals 

55 

82 

31 

38 

86 (43 0%) 


primary behavior disorders and a total of 86 factors for 59 patients with 
psychopathic personality In other words, some of the family histones, 
as well as some of the personal histones of illness or injury, contained 
two or more factors There were 8 patients with primary behavior 
disorders and 5 patients with psychopathic personality who had epileptic 
relatives When the two diagnostic groups were combined the per- 
centage of patients with epileptic relatives was 6 5 The incidences of 
maladjusted personality, alcoholism and psychosis in the family histones 
were remarkably similar for the two diagnostic groups (33, 19 and 20 
and 37, 21 and 23 per cent respectively) Thus, the incidence of a 
family history of maladjusted personality was about twice that of 
alcoholism and psychosis and about four times that of epilepsy 

The higher incidence of factors of illness and injury in the group 
with primary behavior disorders is quite evident on examination of 
the lower half of the table There was a total of 82 factors of illness 
or injury for 55 patients with primary behavior disorders, m contrast 




COTTLIEB ET AL— PRIMARY BEHAVIOR DISORDERS 387 


to a total of 38 factors for 31 patients with psychopathic personality. 
The incidences of severe illness, questionable birth injury and con- 
vulsions were considerably greater for the younger than for the older 
population (38, 19 and 10 and 15, 5 and 4 per cent, respectively) 
The incidences of head injury were the same for the two groups (10 
per cent each) This gi eater incidence of illness and injury for the 
patients with primary behavior disorders suggests that there may be 
included within this group a larger number of patients whose adjustment 
is related to these factors ® than is to be found among the psychopathic 
pel sonalities 

Table 3 — Analysis of the Elecii oencephalogi am -with Relation to Antecedent 
Seveie Illness andjor Head Inpiiy and Positive Family Histoiy 


Electroencephalograms 


Question 

ably Total 

Abnormal Normal Normal Incidence 

J C A JL X _ 



t 

\ 

r 

\ 

i 

“■ — “X 

t 



No 

% 

No 

% 

No 

% 

No 

% 

Primary Behavior 

Disorders 






Positive family history only 

14 

56 

5 

20 

6 

24 

25 

25 

Previous illness and/or injury only 

Positive family history and previous illness 

19 

63 



11 

37 

SO 

SO 

and/or injury 

No positive family history or previous ill 

15 

60 

1 

4 

9 

36 

25 

25 

ness or injurj 

8 

40 

1 

5 

11 

55 

20 

20 

Totals 

56 

66 

7 

7 

37 

37 

100 

100 

Psychopathic Personality 






Positive family history only 

29 

65 



16 

35 

45 

45 

Previous illness and/or injury 

Positive family history and previous illness 

10 

59 



7 

41 

17 

17 

and/or injury 

No positive family history or previous ill 

11 

79 



3 

22 

14 

14 

ness or injury 

8 

S3 



16 

67 

24 

24 

Totals 

58 

68 



42 

42 

100 

lOO 

Both 

Conditions 







Positive family history only 

43 

62 

5 

7 

22 

31 

70 

35 

PrcMous illness nnd/or jnjury only 

Positive family history and previous illness 

29 

62 



18 

38 

47 

23 

ancl/or injury 

No positive family history or previous ill 

26 

67 

1 

2 

12 

31 

39 

18 

ness or injurj' 

16 

36 5 

1 

2 5 

27 

62 

44 

22 

Totals 

114 

57 

7 

35 

79 

39 5 

200 

ICO 


Second, an analysis of the relation of the electroencephalographic 
patterns to the categories of positive family history and previous severe 
illness or cerebral injury in the two groups of patients may now be 
considered The data are presented in table 3 The first part presents 
the data for patients with primary behavior disorders , the second, for 

8 The difference in the incidence of illness and injury may be related to the 
historical method The younger the patient, the more likely is a severe illness 
or injury to be recalled by relatives and reported by them Because of this tendency, 
further critical comparisons are indicated, which will be discussed in a subse- 
quent publication 
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patients with psychopathic personality, and the third for a combination 
of the two The incidence of the factors of positive family history and 
previous illness and injury was classified under four categories 
(1) positive family history only, (2) previous severe illness and/or 
cerebral injury only, (3) positive family history and previous severe 
illness and/or cerebral injury, and (4) absence of positive family history 
or previous severe illness or cerebral injury The incidence of these 
categories for the two groups of patients may be compared When the 
categories of positive family history only and positive family history 
and previous illness and/or injury were combined for the two groups 
of patients, the total incidence of positive family history became 50 per 
cent for primary behavior disorders and 59 per cent for psychopathic 
personality A similar comparison may be made for the incidence of 
previous illness and/or injury When the two categories of previous 
illness and/or injury only and positive family history and previous 
illness and/or injury were combined, the incidence of previous illness 
and/or injury was 55 per cent for primary behavior disorders and 31 
per cent for psychopathic personality Again, this indicates the greater 
incidence of illness and/or injury in the patients of the former group 

The relation of the electroencephalogram to the categories for the 
two groups of patients, single and combined, may now be considered 

In the group of primary behavior disorders, 14 children with 
positive family history only had abnormal electroencephalograms, and 
6 had normal records Eight children with negative family and per- 
sonal histones had abnormal electroencephalograms, and 11 had normal 
records By subjecting these two distributions to the chi square test 
(x^) ® for independence, it was found that a level of significance of 5 
to 10 per cent was obtained This means that the two distributions 
would be expected to differ from 5 to 10 times m 100 series of obser- 
vations Hence, this difference may be regarded as marginally 
significant 

Nineteen children giving a positive personal history of illness and/or 
injury showed abnormal electroencephalograms, and 11 had normal 
records When this distribution is compared with that for the group 
with negative family and personal histories, a level of significance of 
10 to 20 per cent is obtained This is not sufficiently great to suggest 
that the two groups differ significantly 

When the 15 children with abnormal electroencephalograms who 
presented both a positive family history and a personal history of 
illness 'and/or injury and the 9 children with normal records but 
with similar histones were compared with the group with negative 
farmly and personal histones the level of significance obtained was 

9 Lindquist, E F Statistical Analysis in Educational Research, New York, 
Houghton Mifflin Company, 1940, p 41 
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from 10 to 20 per cent These two groups, therefore, did not differ 
more than may be accountable by chance 

In contrast, for the patients with psychopathic personality, the 
‘distributions of all three of the categories with positive factors were 
significantly different from the distribution of the category without 
positive factors The levels of significance, as revealed by the test, 
were between 1 and 2 per cent 

When the group of patients with psychopathic personality and that 
with primary behavior disorders were combined, the distributions of 
all three of the categories with positive factors were significantly different 
from the distribution of the category without positive factors The 
levels of significance, as revealed by the x^ test, were then between 
1 and 2 per cent This combination of groups appeared justified in 
view of the fact that a statistical comparison of each subgroup (positive 
family history, positive personal history, combined positive family and 
personal histones, and negative history) for the patients with primary 
behavior disorders and psychopathic personality yielded levels of 
significance which made it unnecessary to reject the hypothesis that the 
compared distributions did not suffer 

Thus, these data strongly indicate that the abnormal electroencephalo- 
grams are related both to the selected factors in the family history and 
to severe illness and/or cerebral injury sustained early in life The lack 
of significance in the difference between the categories containing illness 
and/or injury and the category without any positive factors for the 
patients with primary behavior disorders may be due to either or 
both of two factors (1) the high percentage of abnormal electro- 
encephalograms in the category without positive factors, and/or (2) the 
selective effect of illness or injury on the abnormality of the electro- 
encephalogram 

Since there seems to be a relation between electroencephalographic 
abnormality and either positive family history or previous severe illness 
and/or cerebral injury or both, further problems appear Are certain 
of the selected criteria for a positive family history or for the personal 
history of illness or injury of the patient closely related to electro- 
encephalographic abnormality, and are certain others not^ The data 
pertaining to the first part of this question may now be considered 
Table 4 presents a summary of the electroencephalographic data in 
relation to the four selected components of the category of positive 
family history only epilepsy, maladjusted personality, chronic alcoholism 
and psychosis The category of positive family history and previous 
illness and/or injury was omitted so that the complications from illness 
and injury would be minimized There were 70 patients — 25 with 
primary behawor disorders and 45 with psychopathic personality Some 
patients had two or more components in their family history; thus 
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the total number of components will be more than the number of 
patients involved 

Although there were but 5 patients with a family history of epilepsy, 
It was of interest to note that the patients coming from those families 
had abnormal electroencephalograms 

The component that occurred most frequently m the family histones 
of these patients was maladjusted personality There were 44 families 
which contained one or more members so classified Twenty-seven of 
these members, or 61 3 per cent, had abnormal electroencephalograms 
When the distribution of this group was compared with the distribution 
of the group without any positive factors by the method of ^ level 
of confidence of 1 per cent was found This means that the difference m 
the two distributions could be attributed to chance m only 1 out of 100 
experiments and is thus statistically significant 

There were 27 patients whose family history was characterized by 
one or more members being judged as chronically alcoholic Fourteen 
patients, or 51 9 per cent, had abnormal electroencephalograms There 
were 25 patients whose family history was characterized by one or 
more members being or having been psychotic Ten patients, or 40 
per cent, had abnormal electroencephalograms When the distribution 
of either of these two groups, patients with a family history of chronic 
alcoholism and patients with a family history of psychosis, were com- 
pared by the distribution for the group without any 

positive factors in the family history, the difference was found to be 
statistically insignificant 

These data, then, suggest that two groups of patients, those in whose 
family history there were epilepsy and maladjusted personality, respec- 
tively, were characterized by a significantly greater proportion of electro- 
encepholographic abnormality than the group with a negative family 
and personal history In contrast, the other two groups, patients with 
a family history of chronic alcoholism and psychosis, were not so 
characterized 

Since the groups with the family histones of maladjusted personality 
and chronic alcoholism were logically so similar, yet differed in their 
comparison with the group with a negative history, they were themselves 
compared with the x“ test The level of significance attained was 
definitely insufficient to warrant rejecting the hypothesis that they 
differed except by chance 

Inasmuch as alcoholism, in the present histones, occurred pre- 
dominantly in the male parent, and maladjusted personality occurred 
almost equally in the male and in the female parents, it seemed possible 
to assess the relationship between the sex of the parent and the abnor- 
mality of the patient’s electroencephalogram Of the 44 patients with 
a positive family history only, with one or more relatives considered as 
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having maladjusted personality, the father was the closest relative of 15, 
and the mother, of 17 Of the patients whose fathers were considered 
as maladjusted, 6 (40 per cent) had abnormal electroencephalograms, 
while of the patients whose mothers were so donsideied 13 (76 per cent) 
had abnormal electroencephalograms The x" test revealed a level of 
significance between 2 and 5 per cent The sex of the parent thus 
seems related to the abnormality of the patient’s electroencephalogram 

Of the 27 patients with one or more relatives who were considered 
alcoholic, the father was the closest relative of 16, and the mother, of 1 
Seven (44 per cent) of the patients whose fathers were judged to be 
alcoholic had abnoimal electroencephalograms This number was 
approximately the same as that of patients with abnormal electro- 
encephalograms whose fathers were judged as maladjusted There were 
3 patients both of whose parents were considered maladjusted and 1 
patient both of whose parents were considered alcoholic All 4 patients 
had abnormal electroencephalograms, thus suggesting that when both 
parents were involved there was a greater probability of abnormal 
electi ocortical activity m the patient These patients were too few for 
statistical analysis 

Further evidence of these relations may be obtained by analyzing 
the category of patients with positive family history and previous illness 
and/or injury Of the 10 patients whose fathers were considered to 
have maladjusted personality, 5 (50 per cent) had abnormal electro- 
encephalograms Of the 10 patients whose fathers were considered 
alcoholic, 6 (60 per cent) had abnormal electrocortical potentials Of 
the 6 patients whose mothers were considered to have maladjusted 
personalities, 4 (66 7 per cent) had abnormal electroencephalograms 
There were no patients in this category whose mothers were judged 
alcoholic There were 3 patients both of whose parents were considered 
maladjusted Two (66 7 per cent) of these had abnormal electro- 
encephalograms While there were few cases for analysis, the trend 
for this category was similar to the trend for the category of patients 
with positive family history only 

When these categories are combined and the patients whose relatives 
had either maladjusted personality or chronic alcoholism are considered 
as one group, the data may be summarized as follows Of 51 patients 
whose fathers were considered either as having maladjusted personality 
or chronic alcoholism, 24, or 47 pei cent, had abnormal electro- 
encephalograms Of 24 patients whose mothers were considered to have 
a similar condition, 17, or 70 8 per cent, had abnormal electrocortical 
potentials The x^ test revealed a level of significance of 5 to 7 
per cent Of 7 patients with both parents similarly classified, 6, or 
85 7 per cent, had abnormal waves It would thus seem that the 
incidence of abnormal electroencephalograms would be greater not only 
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for those patients whose mothers, m contrast to the fathers, were 
judged maladjusted but that it would be still greater for those patients 
both of whose parents were so judged This is strongly suggestive 
of a relationship between sex of the parent and abnormality in the patient 
The data presented m table 3 indicated that the abnormal electro- 
encephalograms of the patients with psychopathic personality and pri- 
mary behavior disorders when combined were related to the factors in 
both the family history and the personal history To be considered now 
IS the relation of the patients’ electroencephalograms to the factors of 
previous severe illness and cerebral injury Table 5 presents such a 
relationship* in the category of seveie illness and/or cerebral injury 
only By considering this category alone, the complication of factors of 
a positive family history is reduced The six selected factors m the 
personal history were anoxia, convulsions, head injury, severe illness, 
questionable birth injury and prematurity There were 30 patients with 
primary behavior disorders ivho had personal histones which included 
a total of 47 of these selected factors There were 17 patients with 
psychopathic personality who had histones which included a total of 
19 factors Thus, some of the patients had a history of more than 
one of these factors 

The incidence of a history of convulsions, severe illness and question- 
able birth injury was greater for patients with primary behavior disorders 
than for those with psychopathic personality The numbers for each 
factor, however, were too small to allow statistical comparisons 

There were 7 patients with a history of convulsions , 5, or 71 4 
per cent, had abnormal electroencephalograms There were 9 patients 
with a history of head injury, 6, or 66 7 per cent, had electroencephalo- 
graphic abnormality, of which 3 showed signs of localization There 
were 33 patients with a history of severe illness, 21, or 63 6 per cent, 
had abnormal electrocortical potentials When the distribution of this 
last group was compared with the distribution of the category with no 
positive factors by the test, a level of significance of 2 per cent 
was obtained There were 14 patients with a history of questionable 
birth injury, 7, or 50 per cent, had abnormal electroencephalograms 
When the distribution of this group was compared with the distribution 
of the category with no positive factors by the x^ test, a level of 
significance of 50 to 70 per cent ivas obtained The first statistical 
comparison may be regarded as strongly suggesting that the twm distribu- 
tions differ, while the second does not 

The largest group, that of 33 patients with previous severe 
illness, lent itself to further anal} sis Table 6 presents an analysis 
of the elcctroencephalographic data with reference to the degree of 
sc\erity and the age of occurrence of the illness for both the category 
of sc\ ere illness onh and that of positive family history and se\ ere 
illness In the categor} of se\ere illness alone only 30 patients could 



Table 5 -Analysis of the Elect, ocncephalogrmn\ith Relation to the Factors of the Category of Severe Illness and/o> 




f^otals IS & Qisi '(Vo) t ^/o) 

Very severe illness Is Indicated by ++++ moderately severe Illness by ++ 
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be used, for the age at which the other 3 patients were ill was not known 
The degree of seventy was subdivided into the very severe (+ + + +) 
and the moderately severe (+ +) There were 7 patients with very 
severe illnesses Four had prolonged elevation of temperature, signs 
of meningeal irritation and coma, followed by a history of temporary 
regression in development, 2 had prolonged high temperatures with 
prolonged delirium or coma, and 1 had a severe attack of pertussis at 
the age of 6 months The moderately severe illnesses were all 
characterized by high temperatures and stupor or delirium but no 
meningeal irritation or history of subsequent regression m development 
All patients who had very severe illnesses only had abnormal electro- 
encephalograms Eleven of the 23 patients with histones of moderately 
severe illness only had abnormal electroencephalograms 

In the other category, that of positive family history and severe 
illness, there were 6 patients with a history of very severe illness, 4 
(66 7 per cent) of whom had abnormal electroencephalograms, and 14 
patients with moderately severe illness, 8 (57 1 per cent) of whom had 
abnormal electroencephalograms The consistency of the data for these 
two categories, then, would seem to indicate that severity of illness is 
related to the development of an abnormal electroencephalogram 

When the distribution for very severe illness, regardless of family 
history, was compared with the distribution for moderately severe illness, 
regal dless of family history, by means of the test, the level of 
significance was between 2 and 5 per cent 

Further examination of the table indicates that the age at which the 
illness occurred seems to bear some relationship, to the electrical activity 
of the brain It may be noted that, irrespective of the degree of severity 
of the illness, the younger the patient at the time of the illness the 
greater the probability of his having an abnormal electroencephalogram 
Of those patients whose illnesses occurred within the first three yeais 
of life, 78 3 per cent had abnormal electroencephalograms For those 
whose illnesses occurred after that time, only 44 4 per cent had a similar 
abnorn^ality Although the data are not presented, the type of illness, 
such as pneumonia, pertussis, measles and fevers of unknown origin, 
seemed to show no relation to the type of the electroencephalogram , 
neither did the time interval between the occurrence of the illness and 
the electroencephalographic recording Thus, two factors seemed to be 
operating, more or less independently, in association with a severe 
illness to produce long-lasting disturbance in the electrical activity of the 
brain the degree of severity of the illness and the age at which the 
illness occurred 

COMMENT 

The diagnoses of primary behavior disorders and psychopathic per- 
‘!otiality refer primarily to the personality structure and the behaMor on 
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a descriptive basis rather than to any constellation of factors important 
in causation of the disturbances They are descriptive diagnoses which 
most probably include a number of clinical conditions The data pre- 
sented in this report suggested this The two diagnostic groups in 
this study Avere characterized by a high incidence of electroencephalo- 
graphic abnormality The higher incidence of paroxysmal electroen- 
cephalograms in the patients with primary behavior disorders than 
that in the patients with psychopathic personality would imply that 
more patients with prechnical epilepsy were included in the former than 
in the latter group It is to be expected that the latter group would 
contain fewer such patients, for they were older and age acted as a 
selective factor Moreover, the greater incidence of severe illness 
or cerebral injury sustained early in life in the younger group than in 
the older one would suggest these factors, too, as possibly etiologic 
Thus, within the large descriptive diagnostic groups there may be, on the 
basis of the data presented, smaller, more specific etiologic subgroups 

The data strongly suggest that abnormal electroencephalograms 
were obtained for a higher percentage of patients who had either a 
positive family history or a personal history of antecedent severe 
illness or cerebral injury than for those patients for whom neither 
factor appeared In the family history, the factors of maladjusted 
personality and epilepsy appeared of greater importance than the factor 
of psychosis The designation of “alcoholism” really included dis- 
turbance m personality function When the histones were analyzed to 
discover whether the male or female parent showed maladjustment or 
alcoholism, it was found that there was a higher incidence of abnormal 
electroencephalograms among the patients whose mothers were evaluated 
as maladjusted or alcoholic than in those patients whose fathers were 
so judged This lelationship is consistent with the data reported 
by Lennox, Gibbs and Gibbs on the inheritance of cerebral dysrhyth- 
mia and epilepsy Their data, too, suggested the possibility that females 
carry a greater inheritance factor, as expressed by dysrhythmia and 
by family history, than that carried by males As in their data, so in ours, 
there is no suggestion of sex linkage in the occurrence of dysrhythmia 

Lennox, Gibbs and Gibbs stated that approximately 60 per cent 
of the near relatives of epileptic patients had abnormal electrocortical 
activity However, only 2 4 per cent (parents, siblings and children) 
had a history of seizures Thus, persons with abnormal electroencephalo- 
grams outnumber persons with seizures in a ratio of 25 1 Since the 
incidence of epilepsy in the population is 0 5 per cent, they concluded 

10 Lennox, W G , Gibbs, E L, and Gibbs, F A Inheritance of Cerebral 
Dysrhythmia and Epilepsv, Arch Neurol & Psychiat 44 1155-1183 (Dec ) 1940 
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that approximately 12 per cent of the population have an abnormal 
electroencephalogram — “about 15,000,000 in the United States a 
statement supported by random electroencephalographic sampling of 
the population The samples reported here of the population with 
psychopathic personality and primary behavior disorders were char- 
acterized by high incidences (58 and 56 per cent, respectively) of 
abnormal electroencephalographic activity It is well known that many 
relatives of epileptic patients who do not have epileptic manifestations 
reveal unusual behavior patterns One may therefore ask What is the 
relation of the populations under study here to the seizure-free relatives 
of epileptic patients^ What is the relation of these populations to the 
15,000,000 persons in the United States with cerebral dysrhythmia^ 
Although the data would indicate a relation of the abnormal electro- 
encephalogram to psychopathic personality or primary behavior disorders, 
It must not be considered pathognomonic for either This is obvious 
from the electroencephalographic examination of any psychiatric or 
neurologic population In fact, Liberson and Segum have indicated 
a relation between a positive family history and abnormal electrocortical 
activity for a number of psychiatric conditions, with the inference of 
inheritance of the abnormal waves Moreover, there are persons 
generally conceded to be “normal” who show electroencephalographic 
characteristics falling beyond the present concept of normality This 
IS of common electroencephalographic experience It has been reported 
for relatives of patients with epilepsy, and it is known to be true for 
relatives of patients with either psychopathic personality or primary 
behavior disorders Abnormality of the electroencephalogram is not 
necessarily indicative of abnormality in behavior , it is merely indicative 
of an apparently reliable probability that there may be some kind of 
behavioral deviation sooner or later This may account for the relatively 
high percentage of abnormal electroencephalographic activity m the 
group of patients without either a positive family history or a personal 
history of severe illness or cerebral injury sustained early in life 

This relatively high percentage of abnormal electroencephalograms 
in the group of patients without any positive abnormality in the family 
history or personal history of illness or injury for both primary behavior 
disorders and psychopathic personality is most probably inherited 
This probability must be kept in the foreground when considering the 
factors of se\ere illness and cerebral injury An evaluation of any 

11 Liberson, W T , and Segum, C A Brain Waves and Heredity in Afental 
Diseases, Ps\chosom Med 7 35-38 (Jan) 1945 

12 Unpublished data on the relationship of the electroencephalograms of the 
parents to those of the patients 
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experience of the latter kind is complicated by its possible superimposi- 
tion on the inherited characteristics of the patient populations Never- 
theless the patients who had personal histones of convulsions, head 
injury with unconsciousness or severe illness showed a higher incidence 
of abnormal electrical activity of the brain than the patients with no 
such experiences Factors of severe illness which were of importance 
were the degree of severity and the age at which the illness occurred 
The more severe the illness and the younger the patient at the time of its 
occurrence, the greater the probability of an abnormal electroencephalo- 
gram This was true irrespective of the type of the severe illness 
Heppenstall and Hill have likewise shown that patients under 20 years 
of age at the time of a head injury had a greater probability of abnormal 
electrocortical activity than those who were older A higher incidence 
of abnormal electrocortical activity in patients having a history of 
convulsions during early life is to be expected The probability of their 
relation to epilepsy is greater than that due to chance 

The implications of an abnormal electroencephalogram are clear — that 
there probably is some pathophysiologic process m the cortex The 
implications of a normal record are equally clear — that there probably 
IS no pathophysiologic process m the cortex These implications must 
be considered in terms of the theory of probability, for it is known 
that such a process may be dormant at the time of recording, and thus 
not be made apparent on the record Furthermore, assumptions of 
the presence or absence of a pathophysiologic process can at present 
be referred only to the cortex Subcortical processes may not be normal , 
yet the electroencephalogram may be repeatedly without discernible 
abnormal activity 

The electroencephalographic data, therefoie would indicate that 
there is a high incidence of discoverable and repeatedly verifiable 
abnormal organic processes m the heterogeneous group of disturbances 
diagnostically categonzea, respectively, as primary behavior disorders 
and psychopathic personality These abnormal processes would appear 
to be inherited Furthermore, pathophysiologic experiences, either 
chemogenic or histogenic, if either early enough or severe enough, would 
likewise lead to the development of abnormal processes May not 
the inference be made that these abnormal processes are related to 
the maladjustment of the patients, that they may indicate the organism’s 
susceptibility to difficulties in behavioral adjustment, that persons with 
such abnormal processes may possess less elasticity in their neural 
limits for withstanding the stresses and strains of the adjustment process 

13 Heppenstall, M E , and Hill, D Electroencephalography m Chronic 
Post-Traumatic Syndromes, Lancet 1 261-263 (Feb 27) 1943 
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that their response tendencies have been altered and that they have 
poorer adaptation in their mterreaction with the social environment 
These abnormal organic processes should not be considered the 
sole etiologic factor for the behavioral disturbances of the patients 
Etiology from a psychiatric viewpoint always involves a constellation 
of factors, genogenic, histogemc, chemogenic and psychogenic, with 
their relative interrelationships The presence of an abnormal electro- 
encephalogram would add weight to genogenic, histogemc and chemo- 
genic factors, which otherwise might be undervaluated The 
majority of the abnormal electroencephalograms would appear to be 
genogenic, a minority would appear to be physiogemc (histogemc or 
chemogenic) , for normal electroencephalograms no inferences as to 
disturbed pathophysiologic cortical processes could be made, although 
such may be present The electroencephalogram cannot, of course, 
indicate the totality of the etiologic constellation, although it may assist 
in the more adequate evaluation of the etiologic factors m a given 
patient’s disturbance ancestral transmission, physical trauma and social 
or emotional trauma 

SUMMARY 

1 Two hundred patients, 100 each with primary behavior disorders 
and with psychopathic personality, showed considerably higher per- 
centages of electrocortical abnormality, 56 and 58 per cent, respectively, 
than the percentages reported for presumably neurologically normal 
children and adults 

A 

2 Fourteen per cent of the patients with primary behavior disorders, 
in contrast to 2 per cent of the patients with psychopathic personality, 
had paroxysmal electroencephalographic activity 

3 The incidences in the family history of epilepsy, maladjusted 
personality, chronic alcoholism and psychosis were similar in the two 
diagnostic groups 

4 The incidences m the personal history of convulsions, severe 
illness and questionable birth injury were greater for the group of 
patients with primaiy^ behavior disorders than for the group with 
psychopathic personality The incidences of head injury were similar 
for the two groups 

5 '\\dien the tvo groups of patients were combined, significantly 
gi eater proportions of abnormal electroencephalograms u ere found when 
there nas a famih history either of epileps}’^ or of maladjusted per- 
'^onaht} 

6 The proportion of patients show mg electroencejihalographic 
abnormaht\ appeared to be greater when the mothers were judged 
maladjusted or alcoholic than when the fathers were so judged 
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7 When the two groups of patients were combined, significant!}' 
greater proportions of abnormal electroencephalograms were found 
when there was a personal history of convulsions, head injury with 
unconsciousness or severe illness 

8 For the category of severe illness, the younger the patient at the 
time of the illness and/or the more severe the illness, the greater 
the probability of abnormal electrocortical activity 

Iowa State Psychopathic Hospital 



CLEIDOCRANIAL DYSOSTOSIS WITH PSYCHOSIS 


SAMUEL KILGORE, MD 

AND 

G W LASKER, PhD 
DURHAM, N C 

T here was recently admitted to and treated at Duke Hospital 
a patient with cleidocranial dysostosis and a psychosis The case 
was of especial interest because of the concatenation of the rare anatomic 
anomaly and schizophrenia Particularly noteworthy in this case was 
the absence of psychotic manifestations in the patient’s father, who 
possessed essentially the same physical defects to an even greater 
degree The rarity of cleidocranial dysostosis, the constancy of the 
physical manifestations of the syndrome and the autosomal mendehan 
dominant mode of inheritance of the trait in at least the majority of 
instances ^ make it worth while to redescnbe this condition and to 
report an additional case even if it were not for the unusual psychiatric 
implications 

Cleidocranial dysostosis is a rare syndrome, affecting persons of 
both sexes and of all ages, and occurs in diverse racial and national 
groups In 1760 Meckel ^ reported the case of an infant born without 
clavicles, and in 1765 Martin ® gave details of a family several members 
of which had abnormal clavicles In 1897 Mane and Sainton ^ described 
the association of clavicular and cranial defects in members of two 
families, and the following year they proposed the name dysostose 
cUido-ct anienne heiedtfaue^ In a monograph Hultkrantz ® discussed 

1 Lasker, G W The Inheritance of Cleidocranial Dysostosis, Human Biol , 
to be published 

2 Meckel Mem de Pans, 1760 , cited by Terry, R J Rudimentary Clavicles 
and Other Abnormalities of the Skeleton of a White Woman, J Anat & Physiol 
33 413-422, 1899 

3 Martin Sur un deplacement naturel de la clavicule, J de med , chir , 
pharm 23 456-460, 1765 

4 Mane, P , and Sainton, P Observation d’h} drocephalie hereditaire (pere 
ct fils) par Mce de de^elopment du crane et du cerveau, Bull et mem Soc med 
d hop de Pans 14 706-712, 1897 

5 l^Iarie, P and Sainton, P La d\sostose cleido-cramenne hereditaire 
(In droccphalie hereditaire). Bull ct mem Soc med d hop de Pans 15 436-437, 
1898 

6 Hultkrantz, J W Ueber D^EOstosls cleido-cranialis kongenitale kom- 
binierte Scindcl- und Schlusselbeinanomahcn Ztschr f Morphol u Anthropol 
II -385-528, 1908 
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all the material available in 1908, and this publication remains one of 
the most thorough treatises on the subject A good general descrip- 
tion in English is provided by Eldndge, Simon and Ramos, and a 
modern review is given by Carriere and associates ® In 1929 Fitchet ® 
published an excellent review, with a bibliography of over 125 items 
and with abstracts of most of the cases Engel,^® in a systematic study 
of the syndrome, summarized 228 cases and noted that 87 additional 
cases were said to have occurred m the families of the affected patients 
We have used some of Engel’s statistics on cases published up to 1933, 
inclusive, m compiling our summaries Since 1933, 145 new cases 
have been reported and an additional 63 cases mentioned Altogether, 
there have been approximately 275 publications on the subject, of which 
245 have been reviewed by one of us (G W L ) However, the infre- 
quency of the condition is attested to by the fact that only 1 previous 
case of cleidocranial dysostosis appears in the records of the quarter 
of a million patients seen at Duke Hospital since its opening, fifteen 
3 'ears ago 

In a typical case of cleidocranial dysostosis the head is large, espe- 
cially in comparison with the face, and it is wide and flat, with pro- 
truding cranial bosses and bulging frontal region The bones of the 
cranial vault are slow to develop, so that the fontanels and sutures are 
widely separated at birth and may remain apart into adulthood 
Usually there is a depression at the fontanels, and sometimes a pulse 
may be felt there if the bone is absent There are furrows along the 
lines of the sutures, which mark thinning or separation of the bones 
The bosses, however, are much thickened One of the most conspicuous 
clinical signs is a sagittal groove dividing the forehead and marking 
the fronal suture, which regularly persists m cases of this anomaly 
Many wormian bones occur m the sutures, and extra sutures have been 
observed dividing the parietal bones (horizontally) and the malar 
bones and occurring elsewhere The frontal sinuses have been reported 

7 Eldndge, W W , Simon, A , and Ramos, R Cleidocranial Dysostosis 
A Case Report, Am J Roentgenol 34 41-49, 1935 

8 Carriere, G , Huriez, C , and Decamps, G La dysostose cleidocramenne 
(maladie de Pierre Marje et Sainton), Gaz d hop 110 701-707, 733-741 and 765, 
1937 

9 Fitchet, S M Qeidocranial Dysostosis Hereditary and Familial, J 
Bone & Joint Surg 11 838-866, 1929 

10 Engel, E Dysostosis Cleidocranialis, Helvet med acta 4 158-174, 1937 

11 A complete bibliography will be found in conjunction with Lasker’s 
article ^ 

12 Dr Angus McBryde has permitted us to examine the records, photographs 
and roentgenograms in a case of cleidocranial d\sostosis in a 12 year old white 
boy, who had typical cranial and clavicular anomalies and pronounced pelvic 
changes, including a ver\ wide pubic symphysis This boy was of normal intel- 
ligence and the only child of normal parents 
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to be absent or much reduced m 24 cases Supraorbital ridges are 
frequently absent The mastoids are often virtually lacking, a trait 
which has been explained as a result of absence of the clavicles 
and consequent maldevelopment of the sternocleidomastoid muscles 
However, a case has been reported by Rhmehart in which the mas- 
toids were missing but the clavicles were normal The base of the 
skull IS frequently poorly developed (which may contribute to the 
brachycephaly), and platybasia, with downward bending of the occiput, 
IS mentioned m some cases The sella turcica was noticed to be large 
in 5 cases but was reported as normal m 16 other cases and as small 
in 2 cases 

The face is usually poorly developed The bridge of the nose is 
cartilaginous, the nasal, and sometimes the lacrimal, bones being 
deficient or completely absent The root of the nose is therefore regu- 
larly depressed, but it is often wide, so that a mongoloid fold may cover 
the inner canthus of the eye Hypertelorism has been reported in 17 
cases The orbits are relatively high, but a tendency to exophthalmos 
IS sometimes reported The malar bones are small, and the zygomatic 
arch in some cases is incomplete The palate is typically high-arched 
and narrow, and development may be defective, leaving a cleft In 
20 cases the high palate was lacking, but even in several of these the 
palate was narrow The mandible, being usually prognathous, is 
frequently disproportionate to the rest of the face This may be caused 
chiefly by maldevelopment of the cranial base and a correlated under- 
development of the middle of the face In several cases the mental 
symphysis has been reported to persist 

The dentition is usually conspicuously affected The milk teeth 
appear later than is normal in infants but are usually not anomalous 
m other respects They are not replaced at the proper time by the 
permanent teeth, and there is virtually never a full complement of 
teeth in the mouth of the adult, despite a tendency to supernumerary 
anterior teeth Unerupted teeth are found in the mandible and maxilla 
in most cases, and eruption of teeth m older persons is frequently noted 
Dentigerous cysts sometimes occur The teeth are usually irregular 
in position, and the occlusion is so bad that many persons have their 
teeth extracted and wear dentures Advanced dental canes is often 
reported Enamel hypoplasia, malformed roots and enlargement or 
dwarfing of teeth aie sometimes seen Speech defects associated with 
the dental anomalies have been reported in 3 cases 

In the case reported by Russo-FrattasU'^ there was an abnormality 
of the right middle ear and of the tympanic membrane In the case 

13 Rhmehart, B A Cleidocranial Dysostosis (Ivlutational Djsostosis) w’lth 
a Cace Report. Radiolopri 26 741-748, 1936 


(Footnotes contuiticd on next pane) 
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of Eldndge and others ^ there was a history of partial deafness for 
twenty-two years Stahl’s patient was partially deaf, and 2 of the 
dysostotic members of the family studied by Miles were deaf 

The dysostotic person is often very short For 34 men for whom 
the stature was reported, the height averaged 1566 cm and ranged 
from 132 to 178 cm Among 34 adult women, the recorded heights ranged 
from 110 to 159 cm, with an average height of 144 6 cm Medium 
statures are found occasionally and probably occur more frequently 
than IS stated in the published reports Altogether, 131 patients were 
described as small or slender, 32 as of average size and only 1 as large 
In children, as in adults, dwarfing may be very common with this 
condition In infants, however, the size is frequently normal, and the 
stunting becomes apparent only later 

The short stature is usually, at least in part, the result of abnormal 
curvatures of the vertebral column, kyphosis, lordosis or scoliosis 
being mentioned in about 55 cases Scoliosis is the most frequent 
Wedging of the vertebral bodies is common Spina bifida occulta has 
been reported in 51 cases in which roentgenograms were made and often 
occurs in the cervical and upper dorsal regions (which is uncommon 
in the general population) At least 3 instances of cervical meningocele 
have been reported The thoiax is sometimes conical or funnel shaped 
and sometimes flattened from side to side Many cases with a rachitic 
appearance of the thorax or ribs have been reported The sternum 
was depressed in several cases, and the manubrium and the xiphoid 
process have been found lacking Cervical ri^s have been reported 
in 7 instances 

Defective clavicles constitute the most characteristic trait of cleido- 
cranial dysostosis One or both bones may be completely lacking ( 10 and 
30 cases, respectively), but more frequently one or both are imperfect 
Frequently there is a sternal bony rudiment, or even an only slightly 
shoitened bone attached to the sternum Occasionally there is also 
an acromial rudiment, which may be widely separated from the other 
fragment or may form a pseudoarthrodial joint Especially when one 
only of the clavicles is divided (the right clavicle remained intact in 
5 cases and the left in 27), the differential diagnosis of an unumted 
fractuie may be of practical importance One patient with a unilateral 
congenital claviculai defect is repoited to have swindled thousands of 

14 Russo-Frattasi, G Kara anomaha dell’orecchio medio m disostosi cleido- 
cranica, Oto-nno-lanng ital 4 484-502, 1934 

15 Stahl, F C Neue Beitrage zur Physiognomik und pathologischen Ana- 
tomic der Idiotia endemica (genannt Cretmismus), Erlangen, Ferdinand Enke, 
1848, pp 53-57 

16 Miles, P W Cleidocranial Dysostosis Survey of Six New Cases and 
One Hundred and Twentv-Six from the Liturature, J Kansas M Soc 41 462-468, 
1940 
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dollars by feigning a fracture Another practical problem arose in a 
case in which surgical removal of a clavicular fragment was required 
to relieve symptoms caused by pressure on the brachial plexus, and m 
a similar case a bone graft was employed to reunite the free ends of 
the clavicle 

In a few persons related to patients with the typical syndrome one 
finds clavicular anomalies but no alteration of the skull The signs 
referable to the skull are therefore not necessarily always present 
with the dysostosis On the other hand, m a few other close relatives 
of persons with typical cleidocranial dysostosis characteristic cranial 
symptoms have been reported as associated with normal clavicles 
Since the clavicles may sometimes be normal, Fitchet’s ° name “cleidal 
dysostosis” IS inadequate to cover all instances properly belonging 
to the syndrome 

Other defects of the shoulder girdle have been recorded The 
scapula IS frequently small, and the superior fossa and the coracoid 
process may be absent or reduced Anomalies of the musculature have 
been variously described in numeious cases, but these are apparently 
secondary to the lack of clavicles There are occasional anomalies of 
the humeral head, and 7 instances of congenital dislocation of the humerus 
have been reported 

The most prominent symptom is the unusual motility of the 
shoulders, which in some cases can be voluntarily approximated in 
front At least 1 man uith such a condition made his living in the 
circus as a contortionist, another was a ballet dancer There is usually 
no functional loss in the arms Many such persons do heavy work, 
and 1 youth has been photogiaphed standing on his hands In 6 cases 
weakness in the arms is mentioned, in 9 cases there was pain in the 
arm or shoulder, and in 4 cases paresthesias occurred in the arm 

The pelvic girdle frequentl)^ is affected The most common pelvic 
anomaly, a wide symphysis pubis, is mentioned in 33 of the cases reported 
since 1933 The pelvic inlet may be unduly naiiow and distorted (24 
cases) Eleien cases in which cesaiean section was necessary have 
been reported 

Anomalies of the legs, to wdiich some of the reduction m stature 
ma} be asciibed, are extremely common The literature includes at 
least 47 cases of genu ^algum, 27 cases of coxa ^ara, 13 cases of pes 
'^Igopl^’ins and a few cases each of many other types of deformity of 
the lower extremities Se\eral patients are said to have complained 
of ‘weak legs,” and seveial were slow in learning to walk Howe\er, 
of those slow m learning to walk, at least 3 were also said to be slow 
m learning to talk 
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Still noticed shortening of the thumbs, and Jansen,^® who noted 
shortening of the intermediate and terminal phalanges of the toes, 
widening of the lattei and shortness of the nails, proposed the name 
“dysostosis cl eido-cranio- (digitalis) ” Short, tapering terminal pha- 
langes have been reported in <56 cases of cleidocranial dyostosis Carpal, 
tarsal, metacarpal and metatarsal bones are also sometimes abnormal 
In several cases there were extra epiphyses at the base of the second 
metacarpal bones 

There are in' various cases all manner of congenital bony anomalies, 
but any of them may be lacking Most notable, except for the clavicular 
dysostosis, are the many midline defects, which range from persistence 
of the frontal suture to total absence of the anterior thoracic wall, with 
extrusion of the heart and lung, as in Morand’s case Other mid- 
line defects include persistent fontanels , sadde nose , high, narrow 
palate, failure of mandibular union at the symphysis, os hyoideum 
bipartum, sternal defects, spina bifida occulta or spina bifida aperta, 
and Spaltbecken 


REPORT or A CASE 

History — E McG, a 31 year old, single engineer, was brought to Duke 
Hospital by his mother because of inability to sleep and “nervousness,” of about 
two months’ duration For the past week he had been “talking out of his head” 
and had behaved queerly 

The patient’s background was that of a well regarded family of moderate 
means in a small town His father, aged 72, was described by the patient’s 
mother as alert and “very much alive” despite his pronounced skeletal and dental 
defects His case will be described later Mrs McG mentioned that 1 of her 
husband’s sisters and 1 of his brothers were afflicted with “mental trouble” No 
history of physical defects was obtainable except that the patient’s paternal grand- 
father and the latter’s sister were described as stooped in their old age There 
were 2 brothers of the patient, both of whom were normal physically and mentally 
Both were married and apparently well adjusted The mother herself seemed to 
be a serious-minded, hard-working person, who was interested in her children 
and had always been fairly ambitious for them She described herself and her 
husband as always having been only moderately strict with the boys Both she 
and her sister were physically normal 

The patient’s personal development was interesting m that it was much like 
that of his brothers except that his enuresis lasted longer, until the age of 4 years 
He was at times quite sensitive about his defects but played just like his brothers 
and stayed no more to himself than they He studied more diligently than the 
others, and his mother thinks that possibly he was a little slower Until he 

17 Still A Case of Cleidocranial Dysostosis, Tr M Soc London 31 350- 
352, 1908 

18 Jansen, M Feebleness of Growth and Congenital Dwarfism, with 
Special Reference to Dysostosis Cleido-Cranialis, London, Oxford University 
Press, 1921 

19 Morand Observations anatomiques. Hist Acad roy d sc 4 476, 1776, 
cited by Fitchet® 
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became interested in radio and made a broadcasting station of his own, m which 
he became absorbed, she thought that he was hard of hearing He was described 
as very religious, and his mother hesitated before pronouncing him as not fanati- 
cal There had been no bad habits, such as drinking, smoking or drug addiction 

After graduating from a college of engineering, he was unable to find work 
as an engineer and seemed to be disturbed and nervous about it At that time 
he first came to Duke Hospital to see what could be done for his dental and other 
difficulties The diagnosis of cleidocranial dysostosis was made, and he was told 
that nothing could be done for him His nervousness seems to have presented 
no features similar to the disorder responsible for his latest hospitalization For 
several years he helped his father, did other odd ]obs and for a little while taught 
school He remained ambitious to “achieve something big” as an engineer and 
decided to go to New York He learned that he had to have a hernia repaired 
before he could find employment After the herniorrhaphy he worked for the 
electrical department of a large railroad then secured a job with Westinghouse 
Electrical Corporation in electrical engineering and worked toward his master’s 
degree at Columbia University He devoted much time to church work and 
Y M C A activity He seemed to like New York, and the only disturbing 
incident of which his mother knew was the possibility of developments with a girl 
with whom he had become friendly 

For two months before admission to the hospital the patient had been nervous 
and had experienced difficulty in sleeping He stayed away from work for a short 
time but was advised to return He became certain that something was wrong 
with his heart An electrocardiogram was normal, however Having been 
granted a leave of absence, he returned home, and his condition was not “really 
bad” until a week before his admission to the hospital He talked about not 
having known the facts of life, became very nervous, was tense but was fairly 
quiet He was never destructive and did not threaten any one He talked about 
the cause of his illness and wished some one had helped him On the day before 
admission he urinated without going to the toilet and experienced enuresis that 
night 

On admission he appeared to be antagonistic and apprehensive He sat 
wrapped in a heavy robe, perspiring profusely, and his teeth clacked rapidly 
There were numerous stereotyped movements, and his speech was barely coherent 
He stated that he could not concentrate, that he felt at times like taking his own 
life and that he was no good, as his genitalia were made of water and his heart 
Mas enlarged He believed that he had just killed his parents, and he was 
actively hallucinated He frankly stated that he was afraid of the hospital 
phjsicians because he thought that they had already tried to hit him on the head, 
and he pleaded with them not to do it again He remarked that he was “just 
weak” and that he masturbated and could not stop Since he believed that no 
one would help him, he would not say whether he thought he could improve, 
though his attitude implied that he believed his case was hopeless 

Cxavnmiiaft — The patient weighed 615 Kg and was 164 cm (643/^ inches) 
III height His head was large and wide, with a sagittal furrow beginning at 
the root of tlie nose and extending the length of the crown The eyes appeared 
large, and the sclera could be seen on all sides of- the ins wdien the patient looked 
'traight ahead The nose was short and broad, and tlie root was flat and marked 
In a vertical groove, several millimeters wide, m the region of the nasion The 
bridge was deficient The middle part of the face was poorlv developed, partl> 
btcau'^c oi the lack of a full complement of teeth, and the mandible was prominent 
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The teeth were anomalous Seven maxillary teeth were fully erupted and 
two others partially so Ten mandibular teeth were present The probable 

formula was W \ 2 ' t 1 l 3 4 e T Because all teeth were extremely irregu- 
lanly placed, the occlusion was unsatisfactory The lower left anterior teeth had 
gaps between them and were rotated The enamel on the mandibular incisors 
was defective The palate was an extremely high, narrowed gothic arch, and 
the tooth-bearing part was much widened medially There was a history of 
pyorrhea in 1935 



Fig 1 — (the patient, E McG ) A, roentgenogram of the chest, showing the 
sternal rudiment of the clavicle and spina bifida, B, roentgenogram of the 
skull (brow down), showing the frontal suture, the reduced frontal sinus, the 
sutural furrow and defective nasal bones, C, lateral roentgenogram of the skull, 
showing defects of the inner table, impacted third molar and other features 

Roentgenograms of the patient had been taken in the outpatient department 
in 1935, and the generalized findings of cleidocranial dysostosis with widening of 
the suture lines were reported Additional roentgenograms were taken in 1944 
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(fig 1), when the curvature of the dorsal region due to the narrowing of the 
middorsal vertebrae was noted The general appearance was said to be that of 
osteochondritis of long standing 

Dr Max Eichwald, of Watts Hospital, Durham, N C , subsequently examined 
the roentgenograms and commented as follows “The films are not clear They 
consist of a lateral and an anteroposterior (brow down) view of the skull, view's 
of both shoulders and of the chest and a lateral view of the vertebral column 
They show a cranial cavity which is large in relation to the face, and a scaphoid. 



Fig 2 — Cleidocranial djsostosis in the father (W McG), show'ing absence 
of claMcles, wide head and frontal furrow' 

asjmmetric skull with several wormian bones and a wide sagittal suture, not 
quite closed Both the inner and the outer table of the skull are present except 
for interruption of the inner table in the posterior part of the frontal and the 
posterior part of the parietal region There are flattening and anteropostenor 
elongation of the sella turcica The frontal sinuses are undeveloped On the left 
there is a very small nasal bone, none is present on the right The orbits are 
high One mandibular tliird molar is visible, unerupted and malposed The left 
clavicle is represented bv a short, underdeveloped sternal rudiment, which does not 
extend to the acromial process, and the right clavacle seems to be similar but 
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smaller The scapulas are only slightly smaller than normal The upper dorsal 
vertebral bodies are wedge shaped, producing marked kyphosis Spina bifida 
occulta occurs in at least the lowest three cervical vertebrae (no roentgenograms 
were taken of the upper cervical region) The ribs are narrow There are no 
cervical ribs in this case ” 

Neurologic examination revealed nothing significant so far as could be 
ascertained with poor subjective testing The electroencephalogram, the serologic 
reactions and other accessory clinical findings were essentially normal 

Pahent’s Father— W McG, the patient’s father, was physically similar to 
his son He is pictured in figure 2, and m figure 3 he is shown wFth the 2 normal 



Fig 3 — Cleidocranial dysostosis in the father and his normal sons The 
third (affected) son, E McG , is not shown 

brothers of the patient He was 132 cm (52 inches) tall Physical examination 
revealed the absence of clavicles and widening of the neck The furrow of the 
forehead and crown and the wide cranial vault were typical of cleidocranial 
dysostosis The fingers, especially the fifth, showed deficient growth of the 
terminal phalanges An inguinal hernia was present The teeth were all extracted 
about thirty years before W McG said that he kept cutting teeth until he was 44 
years old, and one upper right molar appeared still to be erupting at the time of 
his examination He said he had had seventeen impacted teeth The palate 
appeared normal in shape for an edentulous person He was hard of hearing 
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A sunimarj of tlie rcadniRs of the roentgenograms of W I^fcG is as follows 
The tliorax was narrow at its siipcrioi aspect, and the clnMclcs were completely 
absent The roentgenogram of the skull showed that the anteroposterior and 
transverse diameters wort, increased, with the vertex flat and with wide separation 
of the frontal bones In the occipital area there was inward protrusion in the 
region of the foramen magnum, simulating actual platvbasia The changes in 
the chest and skull were those of cleidocranial dvsostosis 

Coimrc of Poluui'i ///nerr — \ftcr a few davs at the hospital, the patient, 

E J^IcG, became mute and would respond onlv to vvhisj>crcd communications 
At this time he had three interviews when under sodium amytal Inpnosis, each 
of which produced successivclv poorci icsnlts During the first session he 
talked much more frcelv than at anv other tune during his stav m the liospital 
He spoke about the FBI and charges against him He talked about his girl 
and indicated scnsitivitv concerning his pin steal defects m interpersonal relation- 
ships, particularlv with this girl He also talked at length, though vnguclv. of 
participating under force m homosexual activities He believed tint he had 
killed his parents and remarked that he had seen the holes in his mother’s legs 
It was interesting that his active hallucimtions dnapiK'ared during the administra- 
tion of amvtal and that when the effects of the drue began to wear off tlic 
hallucinations returned 

As was expected, no improvement resulted from the mtei views during 
amvtal hvpnosis For an hour or more cverv evening of the siiliscqucnt two or 
three weeks efforts were made to obtain contict with the patient Much of the 
time was spent m waiting Occasionallv there appeared to be spatks of interest 
in some subject, but nothing came even close to taking hold of his attention 
All the psvchogcnic material available was graduallv used, witli no notice ible 
results, and it was decided to proceed with electric shock treatment with use of 
curare because of his vttcbral condition, a senes of seventeen electric shocks 
was given The first four treatments brought a great deal of iniprovcnicnt, but he 
rapidly relapsed Then followed four more treatments at closer intervals, the 
response to which was onlv moderately favorable \ftcr another short period, 
another nine treatments were given, but never did he reach the state of claritv 
that he had attained after the first four treaments He was somewhat confused, 
and it was decided to give him a trial at home 

Nineteen months later the patient was seen bricflv at his home He said 
that he had been hospitalized elsewhere in the meantime and that he had received 
more electric shock treatments 

The patient’s mother has died recently, and at the time of this report he lives 
alone with his father He has not been working but seems to be able to main- 
tain normal social relations with the neighbors However, he admitted having 
auditory and visual hallucinations and said that he slept only about three hours a 
night He claimed that he could be influenced from afar, that he had been killed 
and that he will be killed He does not trust any one, not even his father or 
brothers 

» 

A review of the literature suggests that from the psychiatric stand- 
point persons with cleidocranial dysostosis might almost represent a 
cross section of the general population Certainly, the vast majority 
have normal mentality, and in at least 56 cases there has been a direct 
statement to this effect, such as that the patient was “intelligent ” 
There are, of course, occasional cases in which are manifest a variety 
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of psychiatric disorders, such as mental deficiency, convulsive disorders, 
emotional instability and psychoses, and sometimes combinations of these 

Unfortunately, the suggestion of a neurologic component is obscured 
by the meager number of reports of postmortem studies Van Neck^® 
reported a case in which the dura was adherent to the cranium In 
Scheuthauer’s case there is said to have been cavities m the frontal 
lobes the size of pigeon eggs In 1 of Mane and Sainton’s ^ cases, a man 
aged 39 had right hemiplegia, and his trouble was diagnosed as 
syringomyelia This man died at the age of 52, and Roussy and 
Ameuille®* confirmed the diagnosis of syringomyelia, they found a 
large central cavity In the case of Voisin, de Lepinay and Infroit-® 
autopsy was done by Leri and Tretiakoff They observed an inflamma- 
tory process in the brain and the meninges and a posthemorrhagic cyst 
The most interesting postmortem observation from our point of view 
IS that of Stewart,^® who examined a demented woman aged 47 The 
frontal poles were small and extremely narrow from side to side 
There was poor development of the superior frontal convolutions and 
of the anterior part of the corpus callosum There was atrophy or 
agenesis of the cmgular gyrus bilaterally, and section at this level 
showed absence of mature nerve cells, only a few neuroblasts, almost 
devoid of processes, being present The Betz cells of the motor cortex 
showed chronic degeneration 

Mental deficiency occurs in a few cases of cleidocranial dysostosis 
McCurdy and Baer reported a case of such deficiency in a Negro 
aged 52 Still and Heinecke have reported cases m which the 
patients were slow to learn to walk and talk Kahler-® reported 2 

20 van Neck, M Autopsie d’un cas de d>sostose cleido-cranienne, Rev d’ 
orthop 21 323-332, 1934 

21 Scheuthauer, G Combination rudimentarer Schlusselbeine nut Anomalien 
des Schadels beim erwachsenen Menschen, Allg Wien med Ztg 16 293-295, 1871 

22 Roussy, G , and Ameuille Presentation de pieces provenant de I’autopsie 
d’un cas de dysostose cleido-cranienne hereditaire, Rev neurol 17 815-816, 1909 

23 Voisin, R , de Lepinay, M , and Infroit &ude chnique et radiographique 
d'un cas de dysostose cleido-cranienne, Nouv iconog de la Salpetriere 20 227- 
237, 1907 

24 Len, A, and Tretiakoff Autopsie d’une djsostose cleido-cranienne, 
grosses lesions inflammatoires et hemorragiques meningo-encephaliques. Bull et 
mem Soc med d hop de Pans 47 1091-1099, 1923 

25 Stewart, R M The Nervous System in Cleidocranial Dysostosis Report 
of a Case; J Neurol & Psychopath 9 217-221, 1929 

26 McCurdy, I J , and Baer, R W Hereditary Cleidocranial Dysostosis, 
J A M A 81 9-11 (July 7) 1923 

27 Heinecke, P Ueber kongenitale Schlusselbeindefekte, Ztschr f orthop 
Chir 21 553-571, 1908 

28 Kahler, O H Beitrag zur Erbpathologie der Dysostosis cleidocranialis, 
Ztschr f menschl Vererb- u Konstitutionslehre 23 216-234, 1939 
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cases of the condition in imbeciles and 7 in feebleminded persons 
Spota and Gon 7 ales='' lepoited an Argentinian Spaniard with dysostosis 
and an encephalitic reaction with stupoi of narcoleptic type, Lopez 
Rodriguez icported the case of a man aged 27 with cleidocranial 
dysostosis ^\ho ^\as described as ohgophicnic This man had a mental 
age between 10 and 12 >cars It is said that he had great lepugnance 
for every effort, physical or intellectual 

Convulsive disordeis aie also mfiequcnt It is probable that some 
of them may be caused by the increased vulnerability of the biain to 
, injur) because of the defective biam case Molteni icported the 
case of a child of 11 leais with mental deficlcnc) and epilcptifoim 
convulsions Crouzon and Boutticr^= icjxirtcd the case of a youth 
aged 18 who had had ficquent comulsions aflei the age of 16 This 
w^as a classic case of epilcps), w'lth tongue biting, incontinence and 
loss of consciousness Massee’'’^ described the case of a giil aged 15 
wnth d)sostosis and an intelligence quotient of 56 

For more than a jcar she has been subject to epileptic fits which she savs arc 
preceded by feeling as though the top of her head were coming off The .ittacks 
occur m varjing frequenc>, sometimes once or twice a da>, sometimes once a 
week 

Stahl reported the case of a 4^2 jear old gitl wdto was an imbecile 
or a high grade idiot and who was parti) deaf and had convulsions 
In 1 of the cases of KlinKc and PahlKe,'’* that of a female infant, tetam 
W'as said to have been cured by an antirachitic regimen A bah) 
reported on by Muldavm had convulsions eight da)S after dehveiy, but 
these disappeared in two weeks In 1 of Mane and Sainton’s * cases a 
brother wuth dysostosis died in convulsions at the age of 2 p 2 )cars 
Steel and Whitaker i epoi ted the case of a 24 ) eai old w'oman wdio 

29 Spota, B B , and Gon/alcs, E Disostosis clcidocrancana hereditaria \ 
familiar, enfermedad dc P Manc-Samton, Rev Asoc med argent 57 930-933, 
1943 

30 Lopez Rodriguez, C Contribucion al cstudio de la disostosis cleido- 
craneana (con un caso personal). Actual med, Granada 20 110-120, 1944 

31 Molteni, M Contribute alio studio cd alia casistica della diostosi, cleido- 
cranica. Arch di chir mf 1 345-364, 1934 

32 Crouzon and Bouttier Sur une forme particuherc de la dysostose clcido- 
cranienne de Pierre Mane et Sainton (forme cleido-cranio-pclviennc) , Bull et 
mem Soc med d hop de Pans 45:972-982 and 1099-1100, 1921 

33 Massee, J C Hereditary Cleidocranial Dysostosis Report of Two 
Cases, J M A Georgia 24 423-425, 1935 

34 Khnke, K , and Pahlke, H Dysostosis cleidocranialis Bencht uber 
zwei Falle, Arch f Kinderh 91 46-54, 1930 

35 Muldavm, L F Cramocleidodysostosis in a Boy of Seven, But M T 
2 13, 1937 

36 Steel, J P , and Whitaker, P H Case of Cleidocranial Dysostosis, Bnt 
J Radiol 10 613-618, 1937 
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had had rare epileptic fits since the age of 17 Russo-Frattasi 
reported the case of a dysostotic woman who had epileptiform convulsions 
after scarlet fever A 1 5 year old girl with cleidocranial dysostosis reported 
on by Dowse had had epileptic fits from the age of 9 years She had 
had uncontrolled gyratory movements of one arm and had lost control 
of her lower limbs for a short time at the age of 12 Lechelle, Thevenard 
and Mignot described the case of a man aged 29 who fell to his knees 
three times m one day without loss of consciousness He had a history 
of enuresis until the age of 6 and had a para-anal area of anesthesia 
Other cases in which enuresis had been reported include those of a 4% 
year old child and a 6j4 year old child 

In several reported cases of cleidocranial dysostosis the patients 
had histones of emotional disturbances Lyons and Sawyer recently 
recorded a case of a person with ps 3 fchopathic personality and pathologic 
emotionahf}'- Abram mentioned that m his case the patient was intelli- 
gent but emotional Barber and Buchanan’s “ patient and 1 in the 
family reported on by Villaret and Francoz were nervous Thoma 
and Kahl mentioned the “acute sensitivity” of a young woman with 
dysostosis vhom they saw Boland reported the case of a youth who 
made good progress with his studies but had a “roaming disposition ” 
In Hamilton’s case there was difficulty m sleeping Marchante and 
Ruiz Cestero reported the case of a 14 3 ^eai old boy whose sleep was 
fitful The mother of this patient volunteered the comment that the 
schoolmates made fun of her son and called him “Shorty ” 

37 Dowse, T S Congenital Deformity of Cla\icles, Tr Path Soc London 
26 166-168, 1875 

38 Lechelle, P , Thevenard, A , and Mignot, H Dysostose cleido-cranienne 
avec malformations vertebrates multiples et troubles nerveux caractere familial 
des malformations. Bull et mem Soc med d hop de Pans 52 1526-1530, 1936 

39 Lvons, C G , and Sawj'er, J G Cleidocranial Dysostosis, Am J Roent- 
genol 51 215-219, 1944 

40 Abram, J H Cleido-Cranial Dysostosis, Lancet 2 429-431, 1907 

41 Barber, W W , and Buchanan, L D Congenital Absence of Both 
Clavicles and Malformation of Cranium (Cleidocranial Dysostosis), Colorado 
Med 29 196-201, 1932 

42 Villaret, M , and Francoz, L Une famille de quatre sujets atteints de 
dysostose cleido-cranienne hereditaire, Nouv iconog de la Salpetnere 18 302- 
343, 1905 

43 Thoma, K H , and Kahl, F H Clinic of Dental Department of 
Alassachusetts General Hospital and Department of Oral Surgery, Harvard 
School of Dental Medicine, Am J Orthodontics (Oral Surg Sect ) 29 513-588, 1943. 

44 Boland, M A Case of Rudimentary Clavicles, J A M A 58 1442 
(Alay 11) 1912 

45 Hamilton, W F A Case of Congenital Deficiency of Both Clavicles, 
Philadelphia AI J 4 720-721, 1899 

46 Marchante, R F, and Ruiz Cestero, G Congenital Cleido-Craniat 
Dysostosis Report of Case, Bol Asoc med de Puerto Rico 36 103-108, 1944 
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Besides oui case, onh 3 cases of the condition associated with a 
psychosis ha\e been described Kiabhe *' desciihed a man aged 28 
•v\ho ga\e the impression of haMiig a psychoinfantile personality He 
had slight!} persecutor} ideas and \\as somewhat deluded His 
orientation and mood ^^ere satisfacton Eldiidgc, Simon and Ramos" 
redescribed the case of a 55 }car old white man which had been pre- 
Mousl} reported In Ca\ anagh He had suffered from dull head- 
aches and partial deafness for twcnl}-two }eais He had auditory 
hallucinations, memor} defects, impaired judgment, disorientation and 
uns} stematized paranoid delusions This man talked little, but 
coherenth, and was quiet and seclusue His Stanfoid-Binet score was 
at the 8 year 11 month lc\el. with considerable scatter 

The case in which the postmortem obser\ations weic described In 
Stewart-^ had been reported prcciousl} In La\eit} ■*'' He stated 

The patient’s mental condition is one of partial dciiunti.i She rccoRinrcs her 
surroundings, but has no idea of time She gnes her age as 17 Olijccts such as 
a book, com, pencil, arc corrcctU named, and ‘:hc is able to write her name She 
has illusions of mistaken idcntitr and "^lic «;tatcs that her mother is in the ward 
She makes no attempt to occiipr herself, and at limes screams loudK for no 
apparent reason She feeds, dresses and washes herself, and is in the habit of 
hoarding rubbi«h Probablj at one time she had a fair amount of intelligence, 
but IS graduall> deteriorating 

This patient had motor weakness and slight spaslicit} of the lower 
limbs She could not stand without assistance, and the strength of the 
knee jerk was diminished 

In Mcw not only of the rarity and duersit} of ps}chiatnc distur- 
bances but also of the dissociation of cleidocranial dvsostosis and 
ps}chiatric disorders m families, the relationship of the two conditions 
does not seem an intimate one In the family w e have studied 1 of the 
dysostotic members has schizophrenia but the other is psychiatrical!} 
normal Similarl}, Frets recorded 2 families m which cleidocranial 
d}sostosis, on the one hand, and convulsions, ner\ousness. imbeciht} 
and insanit}, on the other, occuired independently m carious members 
Rhmehart’s patient, though slow m school, was mentally alert, but 
a sister without bon} anomalies w'as an idiot and had spastic paralysis 
Kahler reported that, m addition to 9 cases of mental deficiency 
among 15 persons with cleidocranial dysostosis, there weie also 4 cases 

47 Krabbe, K H Djsostosis Cleidocranialis wuth Metabolic Disturbances, 
J Ner\ & Ment Dis 61 18-30, 1925 

48 Ca\anagh, J R Cleidocranial Djsostosis Report of Case, M Ann 
District of Columbia 3 11-13, 1934 

49 Laverty, S J Cleidocranial Djsostosis (Anosteoplasia), in Annual 
Reiwrt of the Metropolitan Asclum Board, London, 1924-1925, vol 27, pp 261-262 

50 Frets, G P Two Cases of Hereditary Dysostosis Cleidocranialis, 
Genetica 12 513-530, 1930 
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of feeblemindedness and 1 of imbecility among 16 brothers and sisters 
without dysostosis He explained this by stating that the earlier 
generations of dysostotic members were mentally fairly normal but 
that they had succeeded in finding spouses only among the mentally 
deficient 

SUMMARY 

Cleidocranial dysostosis is a rare developmental disease of the skull, 
bones of the face, teeth, clavicles, vertebrae, pelvis and phalanges, in 
fact. It sometimes involves the whole skeleton The condition ordinarily 
IS inherited as a mendehan dominant Its incidence is similar in the 
two sexes and in all races and age groups 

In few of the reported cases were the patients suffering from mental 
disease The psychosis in the case here reported manifests connection 
with the dysostosis only in certain portions of the content and differs 
in no essential way from the recognized form of schizophrenia It is 
evident that the patient’s psychologic reactions to his peculiar physical 
appearance provided the basis for much of the color of the content 
This is in agreement with the impression one gets from a reading 
of the previously reported cases In the few persons with mental disease 
no constant relationship to the dysostosis has been established The 
incidence of minor psychiatric disorders m persons with cleidocranial 
dysostosis IS even less frequent than one might have expected consider- 
ing the social implications of such prominent physical abnormalities 

Department of Neuropsjchiatr}, Duke Unnersitj School of Medicine 



ELECTRICAL PARESTHESIAS IN THE EXTREMITIES 
FOLLOWING INJURY TO THE CENTRAL 
NERVOUS SYSTEM 

MAJOR SAMUEL C LITTLE 

MEDICAL CORPS. ARMY OF THE UNITED STATES 

T he conclilion known ns “the clcclncal sign.” oi “Lhernntte’s 
s}mptom,” IS a rare manifestation of disease of the central neivous 
s}stem Patients with the full blown SNiidrome complain that on bend- 
ing the head and neck foi w ard paresthesias begin m the base of the neck 
and radiate into the upper extremities, dow n the spine and, finally, into 
the lower extremities The sensation is \arioiish described as “vibiat- 
ing,” “just like slicking a our ^finger into an clecliic socket” or “like 
bumping } our funin bone ” 

In 1918 Babinski and Dubois^ described the sjndrome as a sequela 
of injur}' to the neck One year prcMOush they had reported similar 
disturbances following head injur) Between 1922 and 1929 Lhcrmitte 
and associates' reported that the syndiome was also found m cases of 
multiple sclerosis It w'as Lhermitte’s oiiginal opinion that it occuried 
as an early s}mptom of this disease, but this has been disputed b) otheis 
Since Lheimitte’s original work, other obserxers'' have reported a 

1 Babniski, J , and Dubois, R Pams in the Form of an Electrical Discharge 
Following Injuries to the Neck, Presse intd 26 W, 1918, cited b\ Salmon''^ 

2 (a) Lhcrmitte, J , and Cornil, L Hetcresthesia Associated with Direct 
Concussion of the Spinal Cord, Enccphale 17 201, 1922, cited b\ Salmon ’’t (b) 
Lhcrmitte, J , Bollack, and Nicolas, Pams Similar to an Electrical Discharge 
Following Head Flexion as a Sjmptom of Multiple Sclerosis, Rc\ iicurol 31 56 
(Jub) 1924, cited b> Lhcrmitte (c) Lhcrmitte, J , Lc\\, G, and Nicolas, M 
Electrical Discharge Sensations as an Early S\mptom of Multiple Sclerosis, 
Presse med 35 610 (May 14) 1927, cited by Lhermittc -'t (rf) Lhermittc, J 
Multiple Sclerosis The Sensation of an Electrical Discharge as an Early 
Symptom, Arch Neurol &. Psychiat 22 5 (Julj) 1929 

3 (o) Beriel, L, and Devic, A Electrical Discharge Sensations in a 
Case of Multiple Sclerosis, Ljon mod 141 559, 1918, cited bj Salmon (&) 
Tnoumphoff, A Electrical Discharge as a Symptom of Alultiple Sclerosis, 
Presse med 35 948 (July 30) 1927, cited by Lhcrmitte ^'i (c) Roger, H , Reboul- 
Lachaux, J , and Ay mes, G Meningeal Dysesthesias Similar to Electrical Dis- 
charge on Flexion of the Head as a Symptom of Multiple Sclerosis, Rev neurol 
1 1052 (June) 1927, cited by Lhcrmitte (d) Wechsler, IS A Case of 
Multiple Sclerosis with Unusual Symptoms, Arch Neurol & Psychiat 19 364 
(Feb) 1928, cited by Lhcrmitte (c) Opalski, A Paroxysmal Paralysis 
(Sensations of Electrical Discharge) in a Case of Multiple Sclerosis, Rev neurol 
1 281 (March) 1931 (f) Salmon, L A The Sensation of Electric Shock in 

Multiple Sclerosis, Bull Neurol Inst New York 6 378 (Aug) 1937 
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number of cases of multiple sclerosis m which this symptom appeared 
It has also occasionally been reported in cases of tumor or tuberculosis of 
the cervical portion of the spinal cord and of subacute combined sclerosis 
of the spinal cord ^ However, since the earlier reports of the World 
War I, few cases of the syndrome occurring after trauma to the head 
or neck have been recorded ® It is the purpose of this paper to report 
a series of such cases seen in a large Army neurosurgical and neurologic 
center 

Triumfov ® has recently reported the syndrome in 23 cases of head 
injury The wound was occipital in 7 of these cases, parieto-occipital 
in 5, temporal in 2, temporoparietal in 2 and coronal in 2 The dura 
mater was involved in 20 cases He stated the opinion that the intensity 
probably depends on the proximity of the wound to the foramen magnum 
and that the syndrome may be the result of injury to the spinal nerve 
roots or to formation of scar tissue and adhesions in the meninges He 
found that the sensation was more severe in the extremity on the side of 
the injury, that the onset was gradual at the time of healing of the 
wound (or two or three weeks later) and that the syndrome disappeared 
gradually in one or two months In his report, he pointed out that some 
of the patients experienced a sensation of “weakness” in the distribution 
of and for the duration of the paresthesia He found some of his patients 
considerably disabled by the syndrome, even to the extent that it was 
necessary for them to hold the head in a fixed position 

REPORT OF CASES 

Case 1 — A private aged 35, on Oct 14, 1944 sustained a penetrating wound 
of the right temporofrontal region with a compound, comminuted fracture of the 
right frontal bone and a lesion of the anterior portion of the second and third 
frontal convolutions Foreign bodies were removed from the right frontal lobe. 
He became ambulatory about Dec 15, 1944 

At the time of admission to an Army general hospital, on Jan 22, 1945, he 
was complaining of occasional headaches and “dizziness” and some pain in the 
lower part of the back A few days after admission he began to notice that on 
bending his head forward he experienced a feeling “like electricity,” which began 
in the low thoracic and upper abdominal regions bilaterally, radiating upward, 
then into both upper extremities and, finally, out to the fingers The sensation 
did not ascend as high as the face, did not appear in the lower extremities and 
disappeared as soon as he straightened his neck 

4 Hassin, G B Paraplegia in Flexion and the Symptom of Lhermitte, 
Arch Neurol & Psychiat 29 855 (April) 1933, cited by Salmon sf 

5 Brown, T G A Case of Concussion of Spinal Cord Resultant on a Graze 
by a Live Shell, with Especial Reference to the Phenomenon of “Heteresthesia," 
J Neurol & Psychopath 1 54 (May) 1920, cited by Salmon sf 

^ Triumfov, A V The Symptom of “Electrical Discharge” in Brain 
Injuries, Am Rev Soviet Med 2 350 (April) 1945 
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Exaniinalion disclosed a right temporal and a frontal cranial defect, hjpcsthcsia 
of the scalp m the distribution of the right supraorbital nersc, slight reduction 
m Mbrators sensation over the entire left side of the bod> and reduction in 
abdominal reflexes on the right side No cerxical roentgenogram was taken 
The patient continued to experience the SMUptoms of electrical discharge until 
;March 3, 1945, at nhich tune the cranial defects were closed with tantalum 
plates After this operation the sensations disappeared He was discharged 
from the hospital on June 25, 1945 A follow-up note from the patient, dated 
No\ ember 21, stated that the paresthesias had not recurred 

Case 2 — A soldier aged 22 was wounded b\ shell fragments on Nov 24, 1944 
One fragment caused a comixnind fracUirc of the right frontal bone, penetrated 
the brain and came to rest in the left middle fossa of the skull Another fragment 
lacerated the right mastoid region He sufTered immediate left hemiparesis, but 
this rapidh disappeared After the wound the patient continued to complain of 
recurrent generalized headaches He became ambulatorj about Jan 8, 1945 
About Feb 15, 1945 he began to note that when he bent his head forward he 
had a “fluttering sensation," of equal intcnsiU on the two sides, which appeared 
simultancouslj m the upi>er part of the chest and on the medial sides of the 
upper and lower extremities The sensation radiated from the proximal to the 
distal portions of the extremities, and the patient experienced diflicult\ in using 
the extremities during the time that the sensation was present The sensation 
w’as more pronounced after he had held his neck straight for some time Thus, 
his sjmptoms were particularly sexere after being m a picture show, when the 
neck had been immobile for some time He stated that if he kept his neck bent 
the sensation finallj disappeared, seeming to disappear c\crj where at once He 
described the sensation as “a kind of an inside shudder, something like an elec- 
trical feeling” 

The patient was admitted to an Armj general hospital on Feb 14, 1945 
Examination disclosed a right frontal cranial defect and a questioinblc Opptnheim 
sign bilaterally The electroencephalogram was normal No roentgenogram of the 
cerxical portion of the spine was taken 

Cranioplastx was not performed He was discharged from the hospital 
August 24 

Case 3 — On Dec 2, 1944 a soldier aged 21 sustained a wound from a shrapnel 
fragment, causing a compound, depressed fracture of the left temporal bone 
He immediately lost consciousness and except for two or three short lucid inter- 
vals was disoriented for several days Overseas records indicated that some verbal 
aphasia w'as present at first, but this had disappeared by the time of his admission 
to the Army general hospital, on klarch 9, 1945 The depressed fracture w’as 
elevated, and debridement was performed at a forward installation He became 
ambulatory in late December 1944 

About March 1, 1945 he first noted that on bending his head forward he 
had a “jittery, electric feeling" radiating down the baek of his arms and fore- 
arms, into the index fingers bilaterally and also into the epigastrium The sensa- 
tion appeared to begin spontaneously in the epigastric region, without radiation 
around from the spine At no time did he experience any similar sensations m 
the lower extremities If he bent his head forward and held it there, the symp- 
toms would disappear within a few seconds Bending his head forward several 
times in succession did not appear to decrease the intensity of the symptoms 
Examination disclosed a suggestion of dyspraxia in the right hand, impaired 
auditory acuity and right homonymous superior quadrantanopsia A 2 by 3 cm 
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defect was present in the left temporal bone Roentgenograms of the cervical 
portion of the spine were normal except for slight asymmetry in the atlantoaxial 
joint, which was probably due to position The electroencephalogram was abnor- 
mal, showing generalized dysrhythmia with focal damage in the left temporo 
occipital region 

The patient’s symptoms continued unabated throughout March and April 1945, 
and then they slowly decreased in intensity and frequency and disappeared about 
June 1, 1945 A tantalum cranioplasty was performed May 24 He was discharged 
from the hospital June 18, 1945 

Case 4 — A soldier aged 23 was struck m the right temporal region by a sniper’s 
bullet on June 21, 1945 The bullet passed downward and made its point of exit in 
the left inframandibular region Transient paralysis in the upper branches of the 
right facial nerve occurred He became ambulatory about July 10 

Ever since sustaining the wound, he had noted mild, generalized headaches, 
which were relieved by lying down and were gradually improving About 
September 1 he noted that when he bent his head forward he had a sensation of 
shock m his back This sensation radiated into both upper and lower extremities 

He was admitted to an Army general hospital August 20 Examination 
revealed nothing abnormal except for a tender scar m the right temporal region 
The patient was examined in detail with regard to the electrical paresthesias 
By actual timing during the examination, the electrical sensation appeared in the 
upper extremities one second after bending the head forward and in the lower 
extremities two seconds later, and it had disappeared completely in about five 
seconds The sensation became progressively less intense on bending the head 
several times in succession In the upper extremities the sensation radiated into 
the ends of the fingers, and in the lower extremities it was particularly intense 
m the calves No roentgenogram of the cervical portion of the spine was taken 

Cranioplasty was not performed The patient was discharged from the 
hospital November 6 A follow-up letter from the patient, dated November 19, 
stated that he continued to have the electrical sensations, though they were 
somewhat less marked and that they became more intense after much exercise 

Case 5 — A private first class aged 20 was wounded by shrapnel fragments on 
Feb 9, 1945, sustaining a compound, comminuted fracture of the occipitoparietal 
region of the skull He lost consciousness and on regaining consciousness had 
paralysis of the left upper extremity and complained of scotomas and of 
hyperesthesia over the entire face and neck The hyperesthesia and monoplegia 
disappeared completely in one week, but headaches and postural dizziness persisted 
until about May 7 

He became ambulatory about April 15, two days later he began to notice 
that when he bent his head forward he had a sensation “like something running 
around’’ in the hypogastric region on each side Since that time the sensation 
had spread, and by the time of his admission to the Army general hospital it 
w'as described as “like a live wire” and occurred only' on his bending the head 
forw'ard It ivould appear in the epigastric region, then radiate to the medial 
surfaces of the upper extremities and out to the ulnar fingers, simultaneously 
radiating downward to about the level of tlie inguinal ligaments bilaterally The 
sensation had a duration of three or four seconds The patient stated that the more 
rapidly he bent his head the more pronounced was the sensation If he bent his 
head slowly', the sensation was not so intense, and after he bent his head several 
times the sensation w'ould disappear, but would reappear after a period of holding 
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the neck straight The sjmptoms were particulaih sc\crc after picture shows, 
ow’ing to the prolonged nnmobiht\ of the neck 

Except for a nglit paneto-occipital cranial defect, the physical and neuro- 
logic status was cntirch normal on his admission to the Arnn general hospital on 
Ma^ 19 A rocntgcnogiam of the ccr\ical portion of the spine showed anterioi 
angulation of the entire midcer\ical part of the spine 

A tantalum cranioplasU was performed on August 8 Bj August 13 the 
sensation of electrical shock was less pronounced hut had the same distribution 
Bj that lime it had also been noted that the sensation could be reprcKluccd b\ 
percussion of the spine fiom about the sixth ccrMcal to the fourth thoracic 
^ertcbra The patient was discharged from the hospital on Sept 10 A follow'-up 
letter from the patient, dated No\ ember 19, stated that the electrical paresthesias 
had gradually diminished and had been absent since about Octobci 19 

Case 6 — A. soldier aged 38 was struck in the right occipital legion bj 
shrapnel fragments on Ko\ 27, 1944 and lost consciousness momentarih On 
regaining consciousness he noted impaired Msion Examination at forward 
installations showed no CMdcncc of skull fracture but did disclose left hoinoinmous 
paracentral scotomas, which persisted 

About April 10, 1945 he began to note that on bending his neck forward he 
had a sensation “like elcctncit\ ’ radiating into his extremities This was a 
distalh radiating, “tingling, electric sensation, just like touching a spark plug,” 
which appeared first in the haiids and neck and next in the thighs The sensation 
did not radiate down the spinal column If he bent his head forward and held it 
bent, the sensation would disappear gradualh, Ic.aciiig the lower extremities first 
From the time of bending his neck forward to the tunc of -disappearance of the 
sensation frofti his lower extremities was about four seconds If he bent his 
neck se\cral times m succession, the sensation became progrcssivcU less intense, 
but after a period of holding his neck stiaight the sensation regained its original 
intensitj He had no headaches or “di/ziness” 

The patient w'as admitted to an Arm\ general hospital Iifarch 16, 1945 
Examination re\calcd that the deep reflexes of the left upper cxtremit\ were 
shghtlj hjperactnc Left honioiii mous paracentral inferior quadrantic scotomas 
w'cre present Slight volitional and emotional weakness was observed in the left 
lower part of the face A roentgenogram of the cervical portion of the spine 
showed congenital fusion of the second and third vertebral bodies but no other 
abnormalitv The electroencephalogram was normal 

The patient was discharged from the hospital on May 28 

Case 7 — A soldier aged 29 sustained penetrating wounds from slicll fragments 
on Oct 16, 1944, with a resulting compound, comminuted, depressed fracture of 
the left occipital bone The overseas operative note indicated that contusion of 
the superior longitudinal sinus with possible thrombosis was present Initiall> on 
the left side there were changes in superficial sensation over the face and the upper 
extremity with mild hemiparesis The patient had one generalized convulsive 
seizure on Oct 20, 1944 

About Dec 20, 1944 he began to note that on forward bending of the head 
an “electrical shock sensation" would appear m tlie back of his neck on the left 
side and radiate into both upper extremities and then into the trunk and the 
lower extremity on the left The patient stated that the sensation was “just like 
sticking your finger into an electric socket” and that it came only when he bent 
his head forward 
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He was admitted to an Army general hospital Jan 22, 1945 Examination 
disclosed hypesthesia and hypalgesia of the left side of the face and of the body 
above the fourth dorsal segment, with sparing of the seventh cervical segment 
The deep reflexes in the left upper extremity were more active than those in the 
right There was general contraction of the visual field with paracentral scotomas 
on the 270 degree meridian bilaterally, mild paresis of the left side of the face 
of central type and mild deafness in the left ear No cervical roentgenogram was 
taken 

The patient was discharged from the hospital on May 12, 1945, after a tantalum 
cranioplasty, performed March 7 

Case 8 — A soldier aged 29 was struck by shrapnel fragments on Jan 2, 1945, 
sustaining fractures of the left humerus and of the left occipital bone The humerus 
healed uneventfully, and the skull fracture was debnded at forward installations 
He continued to complain of recurrent headaches and defective vision 

In February 1945, shortly after he became ambulatory, he noted that whenever 
he moved his head, particularly when he bent it forward, he experienced “shockhke, 
tingling sensations,” generally beginning in the head and radiating through the 
entire trunk into the lower extremities The sensation spread ‘‘like a wave,” 
never involved the upper extremities and lasted only one or two seconds It 
would occur the first time he bent his head but would not recur on successive 
bending until after he had held the neck straight for a time 

He was admitted to an Army general hospital Jan 30, 1945 Examination 
disclosed a right homonymous lower quadrantanopsia and a left occipital cranial 
defect An electroencephalogram showed a moderate amount of unlocahzed 
15 to 20 per cent dysrhythmia Roentgenograms showed multiple small metallic 
foreign bodies in the left posterior fossa beneath the cranial defect and anterior 
angulation at the level of the fourth and fifth cervical vertebrae 

A tantalum cranioplasty was performed on May 4, 1945 He was discharged 
from the hospital Nov 17, 1945 

Case 9 — On April 18, 1945 an officer aged 28 sustained a shrapnel wound, 
the fragment entering to the left of the midcervical portion of the spine and passing 
medially to emerge in the suboccipital region in the midline He sustained a linear 
fracture of the left parietal region at the same time He was unconscious for 
twenty-four hours and on regaining consciousness noticed weakness in the left 
upper extremity, stiffness and pain in the neck and numbness of the left hand 
About June 2, 1945, the feeling of numbness spread to his right hand, and he 
began to experience a constant tingling sensation in both hands No objective 
sensory findings were noted at this time The weakness in the left upper 
extremity improved On April 19 he had a generalized convulsive seizure but has 
had none since He became ambulatory in May 1945 

He was admitted to an Army general hospital on June 17, 1945 and shortly 
thereafter began to notice that when he bent his head forward the tingling 
sensation in his upper extremities would become exaggerated and would also 
appear simultaneousH in the interscapular region, the spine and the left lower 
extremity He described the sensation as “a sort of glow which seems to radiate 
out,” and he stated that it was “similar to the feeling obtained from a shocking 
machine ” 

On admission he complained of the paresthesias and of mild, recurrent occipital 
headaches and postural dizziness Examination revealed diffuse weakness of the 
left trapezius muscle and the left arm and forearm (somewhat greater in the muscles 
innervated by the lower cerrical segments) The deep reflexes of the uppei 
and lower extremities on the left were more active than those on the right 
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An electroencephalogram, a roentgenogram of the ceivical portion of the spine, 
lumbar puncture and a Pantopaque (an lodi/cd popp>seed oil) cervical mjelogram 
all revealed a normal status 

During his stay in the hospital, the numbness m his upper extremities decreased 
and was finallj noted onl\ m the tips of the fingers on the right and m the entire 
hand on the left The headaches disappeared, and the stiffness of the neck 
unpro\ed He was dischaiged from the hospital Oct 20, 1945 A follow-up letter 
from the patient, dated No\ 21, 1945, disclosed that the electrical paresthesias 
had been absent since about Sept 15, 1945 

C\SE 10— A soldier aged 21 on ^^a\ 2, 1945 was struck by an enemy rifle 
bullet, which entered the left lower part of the neck and made its exit through the 
mouth As a result of this, he sustained a comminuted fracture of the third 
cenical ^ertebra with subluxation of the second conical \crtcbra on the third 
and of the tlnrd cenical ^crtcbra on the fourth ImmcdiatcK after he sustained this 
w'ound, he remembered being able to clinch his fists but was unable to mo\c his 
arms or legs One-haff hour later, while being ciaciiated he sustained additional 
shell fragment wounds in the left arm, the right cheek and the occipital region of 
the skull, the last not causing fracture Pam in the shoulder, neck and occipital 
region on the left side began after this and persisted \boiit Mas 10 the tetraplegia 
began to subside and completeh disappeared except for weakness of the left upper 
extrenntj in abduction 

He became ambulator\ on ^las 18, 1945 About Jul> 1, he began to notice 
a “sort of buzzing” sensation throughout Ins bod%, which occurred chiefls at night, 
after he was tired When he bent his head forw ard, the buzzing sensation appeared 
in the back of the neck and radiated into the upper extremities, possibh appearing 
in the left arm first and being most intense in the fingers It then appeared in the 
chest and abdomen but did not radiate into the lower extremities unless he was 
standing The sensation spread “like a w’a\c” and was described as similar to 
an electrical shock When the patient was seated, it occurred in the upper 
extremities and the chest, but w’hen he w'as standing, it appeared in the chest and 
the lower extremities 

The patient w'as admitted to an Arm> general hospital June 23, 1945 Plnsical 
examination disclosed some limitation of motion of the neck and, on the left 
side, weakness of flexion at the elbow', of supination of the forearm and of 
trapezius function There was hypesthcsia of the left hand generally The tendon 
reflexes were more actue m the left upper extremitj m the right, and Babmski 
and Chaddock signs were present bilaterallj, wuth an Oppenhcim sign on the left 
Slight paresis of the left side of the tongue was present, and there was Inpalgesia 
in the distribution of the supraclavicular ncr\es on the left Roentgenograms of the 
cervical portion of the spine taken May 21 showed an abnormal curvature w ith 
step formation between the second, third and fourth cervical vertebrae, indicatu e of 
dislocation 

The patient was discharged from the hospital Aug 4, 1945 In a follow-up 
letter, dated Nov 19, 1945, the patient stated that the electrical paresthesias had 
shown great improvement and occurred only when he w'as unusually fatigued or 
when he bent the head forward forcibly 

Case 11 — On March 1, 1945 an officer aged 31 was struck by a shell fragment, 
which entered the left posterior aspect of the neck and passed to the right and 
anteriorly, producing an incomplete fracture of the first cervical vertebra and 
lodging in the tissues of the neck on the right Immediately after the wound 
complete sensory and motor loss below the level of the lesion occurred, but 
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within one-half hour he was able to move all four extremities and sensation 
returned He became ambulatory March 20 At the time of admission to an 
Army general hospital, on June 22, he had improved but continued to complain of 
pain in the neck and the right shoulder 

Since the first week of May 1945 he had experienced a constant tingling 
sensation in the tips of the fingers bilaterally About May 15 he noticed that when 
he bent his head forward he experienced a sensation like an electrical shock, 
which began m both elbows and radiated downward into the tips of the fingers 
Occasionally, when standing erect, he had the same sensation in the hjpogastric 
region, with occasional radiation into tfie anterior surfaces of the thighs The 
sensation never occurred unless he bent his head forward and then began almost 
immediately and persisted for about three seconds There was no tendency for 
the sensation to “wear out” on successive bendings of the head The sensation 
was more intense in the evening than in the morning and tended to become more 
pronounced after considerable physical exertion 

Examination revealed atrophy of the right posterior cervical muscles and some 
of the muscles of the right shoulder girdle These same muscles were paretic The 
tendon reflexes in the right extremities were more active than those in tlie left, and 
the right upper abdominal reflex was reduced Roentgenograms of the cervical 
portion of the spine, taken May 23, showed an old fracture of the right side of the 
lamina of the first cervical vertebra 

He was discharged from the hospital July 19 A follow-up letter from the 
patient, dated Nov 27, stated that the electrical paresthesias disappeared from 
the lower extremities in August and at the time of the letter were hardly noticeable 
in the upper extremities 

Case 12 — On May 7, 1945 a soldier aged 24 was struck in the left infraclavicular 
region by a bullet, which made its exit in the left suprascapular region As the 
result of this wound, there developed left hemothorax and complete paralysis of the 
left upper extremity, due to an injury of the left brachial plexus He became 
ambulatory about May 22 About August 1 he began to note that when he bent 
his head forward he had electrical sensations radiating down the spine and into 
the lower extremities He never experienced this sensation in his upper extremities 
He observed that it occurred every time he bent his head forward and did not 
“wear out” on bending the head several times in succession' It occurred while 
he was sitting, lying or standing and persisted as long as his head was bent 
forward 

On admission to the Army general hospital, on June 18, there was complete 
paralysis of all muscles of the left upper extremity with the exception of those 
supplied by the eighth cervical and the first thoracic root On the left side, 
anesthesia was present over the distribution of the second and third cervical 
nerves, on the lateral aspect of the shoulder girdle and over the lateral aspect of 
the arm and forearm Roentgenograms showed slight anterior angulation at 
the level of the second and third cervical vertebrae and healing fractures of the 
posterior portion of the first and second left ribs 

Exploration of the brachial plexus on September 4 showed extensive involve- 
ment of the brachial plexus with scar tissue, particularly of the fifth and sixth 
cervical roots On the same date a plastic revision of the scar on the left side 
of the neck was done, and his neck was immobilized for some time After this 
operation the electrical paresthesias disappeared On November 14 the electrical 
paresthesias were still absent, and he had noted considerable improvement in motor 
function in the left upper extremity 
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Case 13— A soldier aged 21, on Nov 18, 1944 was wounded in the neck by a 
machine gun bullet, sustaining a compound, comminuted fracture of the fifth, 
sixtli and seventh cervical Acrtebrac Immediate paralysis of all four extremities 
occurred, but all motor function returned m fifteen minutes except m the left 
upper extremity, where paresis and paresthesia persisted On November 20 a 
laminectomy was done It was found that there was some compression of the spinal 
cord by the depressed lamina of the seventh cervical vertebrae, and the fractures had 
obliterated tlie intervertebral foramen between the sixth and the seventh cervical 
vertebra on tlie left Sensation in his left upper extrenutv improved for a time after 
the laminectomy, but about Dec 20, 1944 he began to notice beginning loss of 
superficial sensation in tlie right hand At the same time he noted that on bending 
his head forward he had paresthesias “like electricitj” radiating down the dorsal 
surface of his arms and forearms and down the postciior surface of the thighs 
There was no radiation into the chest or abdomen He also observed that on 
bending his neck forward he had a ‘ pulling” sensation in the ulnar fingers of the 
left hand 

Examination on March 14, 1945 disclosed generalized weakness of the right 
upper extremity with paraljsis of the extensor carpi ulnaris and probably the 
opponens polhcis muscle The radial reflex was more active on the right, and 
Hoffmann’s sign was present on the right side onl> Ilvpesthcsia and hvpalgesia 
were noted m the third, fourth and fifth fingers of the right hand, with paresthesia 
of the volar surface of the thumb and the index finger of the same hand In 
the left hand there were paresthesia of the index finger and some paresthesia of 
the thumb Otherwise, the neurologic condition was normal Roentgenograms 
of the cervical portion of the spine showed a comminuted fracture of the fifth 
cervical vertebra, multiple small metallic foreign bodies and evidence of a 
laminectomy 

After admission to an Army general hospital, on Feb 27, 1945, the patient’s 
electrical paresthesias graduallv diminished in frequency and intensity and 
disappeared completely about April IS, 1945, approximately four months after the 
onset He continued to complain of pain and dvsesthesia m the index finger of 
both hands He was discharged from the hospital July 20, 1945 

Case 14 — On Nov 14, 1944 an officer aged 37 was struck in the right supra- 
clavicular space by a motor shell fragment, which passed down along the ribs and 
spine, fracturing the fourth and fifth ribs and emerged at this level directly over 
the spinous process of the fifth thoracic v'ertebra An immediate paralysis of all 
four extremities ensued, with complete loss of sensation below the lev'cl of the 
clavicle These sj^mptoms disappeared completely in one-half hour About 
December 14 he became ambulatorj' 

On Feb 2, 1945 he first noted sudden onset -of a tingling sensation, “like an 
electric shock,” beginning simultaneously in the inguinal region bilaterally and on 
the medial surface of the thighs and legs This occurred whenever he exerted 
pressure against the scar of exit or whenever he anteflexed his shoulders The 
sensation did not ‘wear out” with repeated production After a long truck ride 
he would experience a continuous tingling sensation like electricity in the described 
areas, which would last about fifteen minutes Slight weakness in the lower 
extremities was associated with this tingling sensation 

The patient was admitted to the Army general hospital June 14, 1945 
On examination^ he was normal except for the scar Roentgenograms of the cervical 
portion of the spine were not taken but those of the thoracic region showed fracture 

df the costal processes of the fourth, fifth and sixth thoracic vertebrae on the 
right 
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The electrical paresthesias gradually became less intense and by June 1945 
were not present unless the patient became unusually fatigued He was discharged 
from the hospital on August 20 A follow-up letter from the patient, dated 
November 26, stated that the paresthesias were about the same and were present 
only in his lower extremities He stated that he did not notice them unless he 
was very tired or unless he had taken a long, rough ride in some sort of vehicle 
Cold weather seemed to aggravate the complaints 

COMMENT 

In the cases here reported, the primary wound involved only the 
head in 8 patients, the head and neck in 2 patients and only the neck in 
4 patients 

In patients sustaining some injury to the head, the site of the wound 
was as follows frontotemporal, 2 , temporal, 2 , parietal, 1 , occipito- 
parietal, 1 , occipital, 4 This distribution tends to confirm Triumfov’s ® 
observation that the syndrome was more frequently associated with 
posterior than with anterior head wounds 

In the patients who sustained injury to the neck, the site of the lesion 
was equally distributed in the upper, middle and lower cervical regions 
Of the 10 patients suffering wounds of the head, definite evidence of 
injury to the brain was present in 8 Of the patients wounded m the 
neck, evidence of damage to the spinal cord was present in all but 1, and 
this patient had an injury to the brachial plexus Four of the patients 
with wounds of the neck had transient initial tetraplegia 

Analysis of the distribution of the paresthesias indicates that in cases 
of anterior head wounds the paresthesias are rpore likely to be limited to 
the upper extremities and trunk, in cases of posterior head wounds, to 
the trunk and lower extremities, and in cases of wounds of the neck, 
to the upper extremities, trunk and lower extremities It was also noted 
that in cases of cervical injuries the paresthesias might appear in the neck, 
upper extremities and trunk while the patient was seated and in the trunk 
and lower extremities while he was standing In some instances the 
sensations did not appear m the trunk at all, while in others they 
appeared to radiate down the spine 

The average onset of the paresthesias was seventy-five days after the 
injury, but they appeared as early as thirty-two days and as late as one 
hundred and thirty-three days In this series they never appeared until 
two to sixty-eight days after the patient had become ambulatory (aver- 
age, forty-one days) After the onset, the duration of the symptoms was 
variable, sometimes disappearing in a month and sometimes persisting 
for SIX months The disappearance was gradual except in 2 cases, in 
which symptoms disappeared suddenly after incidental operative pro- 
cedures » 

The electrical paresthesias appear to be the result of injury to the 
cervical portion of the spinal cord or its membranes, even when the 
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obvious injury is to the head ' Inis contention is supported by the fact 
that, m the present senes, m 2 of the 10 cases of head wounds there was 
clinical evidence of concomitant injury to the spinal cord and that, of 
6 cases in which roentgenograms of the cervical portion of the spine 
weie taken, evidence of abnoimality appeared m 4 The exact patho- 
genesis of the symptoms is uncertain Tincl, cited by Salmon,''^ expressed 
the belief that demyehnated sensoiy neuions might give rise to such 
symptoms when they were slightly distoited, as m bending the head or 
neck This explanation appeals to be as satisfactory as any that can he 
offered at present 

SUMMARY 

Pertinent literature on “Lhermitte’s symptom” oi the “electiic sign” 
IS reviewed 

The syndrome is characterized by electncal-hke paresthesias radiat- 
ing into the trunk and extremities on bending the head forward It is 
most common with multiple sclerosis and trauma to the head and cervical 
region of the spine but does occur with othci diseases of the spinal coid 

The exact pathologic basis of the condition is unknown, but it appears 
likely that it results from alterations in the sensor}^ tracts of the ceivical 
portion of the spinal cord In the cases of trauma to the head and neck 
reported the paresthesias appeared from a few days to two months aftei 
the patient became ambulatory and persisted for one to six months, dis- 
appearing gradually 

Department of Neurology, Medical College of Alabama 
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I N PREVIOUS experiments ’ it was demonstrated that lowering the 
pH of the blood led to ninpairment of excitability of the nervous 
system to electrical stimvilation The greatest reductions in excitability 
occurred in reflex arcs Motor nuclei and peripheial motor nerves 
underwent the least reductions m excitability in extreme acidosis In 
the present experiments an attempt was made to study effects of acidosis 
on the cytologic structure of the nervous system with methods adequate 
to reveal slight changes in the structure of nerve cells of the brain 

MATERIAL AND METHODS 

Adult guinea pigs of both sexes and various ages were used In one series 
of experiments acidosis was brought about by administering a 10 per cent solution 
of ammonium chloride by stomach tube in doses of 2 to 4 cc daily over varying 
periods In other experiments acidosis was induced by venoclysis with a lactate 
buffer of /)H 3 4 to 4 0 and by subjection of the animals to atmospheres of 30 per 
cent carbon dioxide in oxygen The pn of the blood was determined with a 
Coleman pn meter on samples withdrawn under liquid petrolatum from the 
heart before the animals were killed The animals were then anesthetized and fixed, 
in most instances while still alive, by perfusioh with solutions of formaldehyde 
U S P (3 4) with acacia made isotonic with sodium chloride, according to the 
method previously described * The brain was removed and placed in the fixing fluid 
for four or five days before it was embedded in a solution of pyroxylin of low 
viscosity, to be sectioned at 40 microns serially Staining was done with the 
buffered thionme technic ® The histologic technic was carefully controlled by 
staining together sections of an experimental animal and similar sections of a 
control animal of like sex and weight 

From the Institute of Neurology, Northwestern University Medical School 
This study was aided by a grant from the National Foundation for Infantile 
Paralysis, Inc, to Northwestern University 

1 Koenig, H , and Groat, R A Effects of Lowering the Blood />h on 
Excitability of the Nervous System, J Neurophysiol 8 267-272, 1945 

2 Koenig, H , Groat, R A , and Windle, W F A Physiological Approach 
to Perfusion-Fixation of Tissues with Formalin, Stain Technol 20 13-22, 1945 
3 Windle, W F , Rhines, R, and Rankin, J A Nissl Method Using 
Buffered Solutions of Thionin, Stain Technol 18 77-86, 1943 
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RESULTS 

An attempt was first made to study possible eflfects of chionic 
acidosis on the structure of the brain Twelve guinea pigs 
received daily doses of 10 per cent ammonium chloride by stomach tube 
for thirteen to thirty days The pn of the blood at the end of the 
experiment varied from 7 32 to 7 08, with a mean of 7 19, in contrast 
to the pn of the blood of 9 normal guinea pigs, which vaiied fiom 7 55 
to 7 30, with a mean of 7 43 The treated animals appealed to be 
entirely normal thioughout the experiment, showing no neurologic signs 
and maintaining good health Gross anatomic examination pei formed 
wnth the animal under pentobarbital anesthesia levealed no abnoimali- 
ties The biains of 7 of the guinea pigs weie studied histologically, 
a careful comparison being made with sections of the brains of 2 control 
animals No alterations in the structuie of the brain could be observed 
in any of these animals The sections \vere indistinguishable from the 
controls A careful search through all the sections of the brains 
failed to leveal any intramedullary hemorrhages Occasionally a few 
blood corpuscles were observed m the ventricles, but 1 of the contiol 
animals showed a similar phenomenon 

Fifteen other guinea pigs w'ere rendered acidotic by forced feeding 
of a 10 per cent solution of ammonium chloride daily Eight of these 
animals w^ere fed the ammonium chloride simultaneously W'lth the 12 in 
the preceding group From a few' hours to twenty-one days after the 
feeding of ammonium chloride W'as begun, in most instances as a result 
of a slight, and seemingly fortuitous, overdosage of ammonium chloride, 
the guinea pigs m this series weie precipitated into a state of acute 
lespiratoiy distress culminating in coma The pn values at this time 
varied from 6 70 to 7 25, w ith a mean of 7 01 The period of acute 
lespiratory distress lasted from approximately five minutes (m 2 
instances) to thirty minutes Gross examination revealed a state of acute 
hemorrhagic pulmonary edema in all cases 

Histologic examination of the brains of the 11 animals studied 
revealed in each instance pathologic changes characteristic of asphyxia 
Very small capillary hemorrhages were observed scattered through the 
brains of 7 of them In some of these brains the hemorrhages were few and 
widely scattered When the sections of the experimental brains were 
compared grossly with those of the control brains stained simultaneously, 
it was observed that the sections of 5 brains stained appreciably lighter 
than the controls One other brain showed a slight difference None 
of the control brains stained more lightly than its accompanying experi- 
mental brain As observed microscopically, small regions around some 
of the capillaries, especially in the diencephalon, were pale and suggested 
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perivascular edema There was no sharp line of demarcation between 
the area of paling and the more darkly stained tissue Each of the 
experimental preparations could be distinguished from its control under 
the low power lens by the diffuseness of staining Nerve cells appeared 
to be less sharply defined than those of the control Critical examina- 
tion of the larger neurons of the brain with a high power lens revealed 
a lack of sharpness in the staining of Nissl bodies This was most 
pronounced m the large mterneurons, such as those of the red nucleus 
and the scattered large cells of the reticular formation of the medulla 
oblongata In the animals which had suffered the longest period of 
respiratory distress, many of the large mterneurons were noticeably pale, 
and their Nissl bodies appeared to have undergone some dissolution 

Although a pronounced acidosis existed m this second group of 
animals, there was no proof that the cytopathologic changes were caused 
by it Similar structural changes are seen in cases of asphyxia ^ Fur- 
thermore, asphyxia occurred with the pulmonary edema in the present 
experiments To clarify this relationship, 2 guinea pigs were subjected 
to rebreathmg until they became dyspneic and entered a comatose state 
They were perfused while the hearts were beating, and the brains were 
studied histologically The brains resembled those of the animals in 
which pulmonary edema had developed after receiving large doses of 
ammonium chloride Structural alterations were of the same order 

Chronic acidosis uncomplicated by pulmonary edema led to 
no demonstrable changes in structure of the brain An additional 
series of experiments was therefore performed in which severe acute 
acidosis without the pulmonary edema was produced by administration 
of a lactate buffer of /)h 3 4 to 4 0 This buffer was administered by 
venoclysis In each instance a severe dyspnea developed This 
appeared to be different from the asphyxial gasping seen in the experi- 
ments with ammonium chloride Respiratory movements were regular, 
slow to rapid and deep, appearing to involve all the accessory muscles 
of respiration The animals were killed thirty minutes to one hour after 
administration of the buffer The vascular system was perfused with 
the fixing fluid, as in the other experiments At the time the 3 animals 
were killed the pu of the blood was found to be 6 0, 6 45 and 6 55, 
respectively 

The lungs exhibited no edema at autopsy Two of the 3 animals 
showed no intracranial hemorrhage, 1 had a small amount of blood 
around the brain stem and the cervical part of the spinal cord Histo- 

4 Windle, W F , Becker, R F, and Weil, A Alterations m Brain 
Structure After Asphyxiation at Birth, J Neuropath & Exper Neurol 3 224- 
238, 1944 
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logic study was made of the biains of these 3 animals and of 1 control 
No mtiamedullaiy hemoiihages weie encounteied, and no hemoirhages 
were found on the suiface of 2 of the biains In the othei biain, the 
gross obseivation of hemoiihage around the hi am stem was confiimed, 
and a consideiable quantity of blood was noted in the ceiebial aqueduct 
There weie no other mtiamedullary hemoiihages 

In spite of the seveie acute acidosis pioduccd in these animals and 
the piesence of hemoiihage in the biain of 1, the neive cells of the 
brain diffeied in no way fiom those in the contiol specimens The depth 
of staining was equal to that of the conliol, and theie appealed to be 
no dissolution of Nissl bodies anywdieie Thus, the brains of these 
animals w'ere quite unlike the biains of the guinea pigs wdnch had pul- 
monaiy edema aftei the admimstiation of laige doses of ammonium 
chloride 

Another expeiimcnt was peifoimcd in which scvcic acute acidosis 
W’'as induced by breathing caibon dioxide A chambei of 75 liter 
capacity was filled wnth a mixture of 30 per cent caibon dioxide and 
70 per cent oxygen Twm adult male and 2 adult female guinea pigs 
were used m the expeiiment Thice normal contiols w'eie piovided 
At the end of five and one-half hours, dm mg which time the gas fiow^ed 
continuously into the tank, 2 animals w'cre killed The othei 2 animals 
were killed after three hours in the tank The pn of the blood at the 
time the animals w'ei e killed ranged from 6 66 to 71, wnth a mean of 
694 As m the preceding experiments, the animals were perfused first 
with an aqueous solution of acacia and sodium chloride {pu 4 55) and 
then with the fixing fluid, consisting of solution of formaldehyde U S P 
(3 4) with acacia and sodium chloride {pn 4 32) The contiols were 
similarly perfused 

No hemorrhages were observed at autopsy The biains appeared 
to be normal m size and appearance Histologic study revealed no 
intramedullary hemorrhages The sections of the control brains stained 
a little more lightly than the simultaneously stained sections of the 
experimental brains The darker staining of the brains of the animals 
which had been subjected to atmospheres rich in carbon dioxide was 
due to a more intense staining of the nerve elements themselves rather 
than to a difference m the staining of the neuroglia It was not due 
to any difference m fixation or treatment of the histologic sections The 
neurons were not more shrunken but simpl}'^ took on more of the dye 
m the case of the experimental animals The significance of this is not 
clear It is a phenomenon not encountered in the other acidotic brains 
and is perhaps due to the carbon dioxide itself It was entirely unlike 
the picture presented by the brains of asphyxiated animals 



432 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 

COMMENT 

The results appear to be m sharp contrast to histopathologic changes 
in nerve tissue accompanying acidosis reported in the past Thus, 
de Crinis ® induced acidosis in rabbits and a dog over a period of three 
days or less by feeding and intravenous injection of sodium biphosphate 
(10 per cent solution) Among the cytologic changes reported were 
increase in ghal cells, severely damaged ganglion cells and neurono- 
phagia He also observed these changes in the brains of patients, several 
of whom died of diabetic coma, several of eclampsia and several of status 
epilepticus, and he attributed the neurocytologic changes to the acidosis 
occurring m these conditions Some of the alterations described m the 
human brains may well have occurred post mortem Moreover, acidosis 
IS but one of the disturbances in these clinical entities, and the patliologic 
changes described could be attributed to another factor Pretermmal 
asphyxia is capable of producing cytologic changes in the brain, as 
demonstrated in our present experiment The changes described by 
de Crinis in the brains of the animals with experimentally induced 
acidosis are more difficult to explain This investigator utilized 1 
healthy rabbit as a control He did not state how soon after death the 
animal brains were fixed Thus, it is possible that some of the changes 
observed were in reality postmortem alterations In our experiments, 
the animals were fixed while still biologically alive Postmortem 
autolysis and other alterations were thus prevented 

Funagoshi, Choja and Hayami ® also reported histopathologic 
changes in the central nervous system occurring with experimental 
acidosis These investigators induced acidosis in rabbits by the sub- 
cutaneous injection of hydrochloric acid and phosphoric acid The 
cellular changes described included protoplasmic atrophy, pyknosis, 
atrophy, granulation, coalescence and disappearance of the Nissl bodies, 
pyknosis, swelling, increase in number, light staining and shrinkage 
of mitochondria The mitochondria were not studied in our material, 
nevertheless, the other neuronal alterations reported by these men were 
not confirmed by our experiments Here, too, the time interval between 
killing the animals and fixation was not reported, nor were control 
brains said to have been studied 

The absence of visible cytopathologic changes in the brain in experi- 
mental acidosis IS consistent with the relatively slight effect acidosis is 

5 de Cnnis, M Ueber die Beeinflussung des histologischen Bildes des 
Zentralnervensystems durch humorale Veranderungen, Monatschr f Psychiat 
u Neurol 58 185-221, 1925 

6 Funagoshi, M , Choja, N , and Hayami, Y Ueber die Veranderung der 
Mitochondria in den verschiedenen Ganglienzellen bei experimenteller Azidosis 
und Alkalosis, Tr Soc path jap 27 459, 1937 
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known to have on the electrical excitability of nerve cell bodies and 
nerve fibers as compaied with its effect on spinal reflexes (Koenig and 
Groat The physicochemical alterations in the central nervous sys- 
tem consequent to acidosis are still but little known and are not neces- 
sarily reflected in stiuctural change 

SUMMARY 

Guinea pigs were given a solution of ammonium chloride by stomach 
tube daily over var}ung periods to induce chronic acidosis No 
C3'^tologic changes were observed in the brains Other animals were 
made acutely and extremely acidotic by administering a lactate buffer 
or by subjecting them to atmospheres of 30 per cent carbon dioxide 
in ox3'gen No structural changes could be seen in the nerve cells of 
the acidotic animals given the buffer solution, although the neurons of 
the animals breathing carbon dioxide stained appreciably darker than 
did those of the controls 

When administration of ammonium chloride resulted in coma asso- 
aated with acute hemorrhagic pulmonary edema, nerve cells of the brain 
exhibited pathologic alterations which were identifiable as phenomena 
of asph3rxia 

University of Washington School of Medicine, Seattle 5 (Dr Windle). 

Northwestern University Medical School (Mr Koenig and Dr Jensen) 



MENINGOENCEPHALITIS COMPLICATING HERPES ZOSTER 
OPHTHALMICUS AFTER TREATMENT BY 
VACCINATION 

M J MADONICK, MD 
NEW YORK 

S EVERAL investigators have given as explanation of the encephalitis 
following vaccination and the exanthems the theory of the activation 
of a latent virus by the vaccination or the exanthem Van Bastiaanse 
and co-workers ^ expressed the opinion that the postvaccinal encephalitis 
occurring in the Netherlands was the result of rousing to active manifes- 
tation an encephalitis existing previously in the latent stage They stated 
the belief that the virus involved was that of epidemic encephalitis 
Netter,^ Kraus,® Demme * and Pette ® also favored this idea The mem- 
hers of the Committee on V accination, Great Britain, with one exception, 
held this opinion, they stated in 1928 ® “It is not altogether improbable 
that vaccination may here and there have precipitated an encephalitis in a 
person harbouring another virus ” Ledingham wrote 

Till further notice I take the view that postvaccinal encephalitis is more 
probably the result of activation of some latent virus parasitising certain hosts 
and that it is on all fours with the similar syndromes following occasionally 
measles, chickenpox, etc 

Lust ® also maintained that the encephalitis following measles was 
attributable not to the measles virus but to the awakening of a latent 

From the Neuropsychiatric Semce of the Morrisania City Hospital 
1 van Bastiaanse, FSB, Therburgh, B , and Levaditi Encephalitic con- 
secutive a la vaccination antivanolique, Bull Acad de med , Pans 94 815, 1925 
2 Netter, A Encephahtes post-vaccinales. Bull Acad de med , Pans 
94 821, 1925 

3 Kraus, R Zur Aetiologie der postvakzinalen Encephalitis, Wien klin 
Wchnschr 40 185, 1927 

4 Demme, H Welche Schlusse erlaubt uns das Tierexperiment, auf die 
Ursachen der Encephalitis nach Kuhpockemmpfung zu ziehen^ Deutsche Ztschr 
f Nervenh 105 177, 1928 

5 Pette, H Das Problem der postvakzinalen Enzephalitis, Munchen med 
Wchnschr 75 207, 1928 

6 Report of the Committee on Vaccination, Great Britain, Ministry of Health, 
London, His Majesty’s Stationery Office, 1928 

7 Ledingham, J C G Studies on Virus Problems I Tissue and Cell Affini- 
ties of Viruses and Reactions of the Host, Bull Johns Hopkins ‘Hosp 56 247, 1935 
8 Lust, F Die paramorbillose Encephalitis und ihre Folgen, Monatschr f 
Kinderh 34 284, 1926 
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neurotropic virus by the measles vii us Schick stated the opinion that 
measles lowered the resistance to attack and invasion by a neurotropic 
virus 

Experimental studies on the activation of one viius b} anothei are 
few, but Levaditi and Nicolau obscived m the rabbit that rabies 
pioduced by the injection of the viius of labies can cause death from 
neuroraccinia vhich had been latent In latei experiments^^ they 
claimed that the herpes mi us when placed on the nasal mucosa of a 
rabbit is by the simultaneous inoculation of vaccine on the skin stimulated 
to produce a fatal herpetic encephalitis Zui uk/oglu inoculated 9 
labbits Three recened 0 5 cc of herpes viius subcutaneously, followed 
a few minutes later by 0 2 cc of smallpox vaccine lymph intravenously 
Three rabbits lecened onl} the dose of heipes virus subcutaneously, 
vhile 3 received onl} the dose of vaccine intravenously The 6 control 
animals remained alive, whereas 2 of the animals which received both 
viruses died on the ninth and the thirteenth day, respectively, with 
clinical symptoms of herpetic encephalitis It is thus suggested that a 
sublethal dose of herpes viius given subcutaneously vas induced to 
excite encephalitis b} the simultaneous injection of smallpox vaccine 
Thomsen found that the simultaneous inoculation into the skin of 
monkeys of the viruses of -vaccine and poliomyelitis may induce the 
clinical picture of the latter disease, whereas the simple vaccination of 
the skin with poliomyelitis viius produced no effect of any kind In the 
explanation of recuirent fevei blisters. Rivers wrote that peisons with 
this condition usually possess an abundance of antibodies against the 
active agent m their serums 

The paradox has been explained on the basis of the persistence of the virus 
in the cells of immune individuals who develop crops of blisters whenever 
subjected to the conditions that are encountered as a result of typhoid vaccina- 
tion, common colds, exposure to high temperatures for several hours, etc 

In other words, the common cold, which is a virus infection, ^may activate 
the virus of herpes febrihs Fyfe and Fleming reported 9 cases of 

9 Schick, in discussion on Lust ® 

10 Levaditi, C , and Nicolau, S Les associations entre ultravirus neuro- 
tropes, Compt rend Soc de biol 93 3, 1925 

11 Levaditi, C, and Nicolau, S A propos de I’etiologie de I’encephalite post- 
vaccinale, Compt rend Soc de biol 94 114, 1926 

12 Zurukzoglu, S Experimentelle Untersuchungen uber Vaccine und Herpes, 
Klin Wchnschr 6 70, 1927 

13 Thomsen, O Experimentelle Untersuchungen uber die Poliomyelitis, 
Ztschr f Immunitatsforsch u exper Therap 14 198, 1912 

14 Rivers, T M Lane Medical Lectures Viruses and Virus Diseases, 
Stanford University, Calif , Stanford University Press, 1939, p 60 

15 Fyfe, G M , and Fleming, J B Encephalomyelitis Following Vaccination 
m Fife, Brit M J 2 671, 1943 
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encephalomyelitis following vaccination for smallpox in Fife, Scotland, 
where 7S,2)26 vaccinations were performed recently, during an epidemic 
of smallpox ‘ Patients 2, 3, 4 and 6 had acute pharyngitis, patient 7, 
rales in the chest, and patient 8, a history of recent laryngitis The 
findings of these authors suggested, at least, that the hazard of encephali- 
tis during vaccination is much greater when there is concomitant infec- 
tion in the upper respiratory tract It is not unreasonable to postulate 
that several of the infections m these patients were due to viruses 

The following report concerns a case of herpes zoster ophthalmicus 
m which meningoencephalitis developed subsequent to vaccination 
employed as treatment for the herpes 

REPORT or A CASE 

History — K white man aged 60 was admitted to the hospital on Nov 7, 1945, 
with coma of several hours’ duration Previous illnesses included pneumonia and 
bronchitis in 1940 and typhoid m youth He was married and had 5 children, 
1 son was epileptic He had been vaccinated twice m early life He was well 
and working up to Oct 26, 1945, when he complained of pain in the left frontal 
area On the following day his left eye became inflamed On October 28 a 
vesicular eruption appeared on tlie left side of the nose and forehead, the next 
day the rash had spread He was vaccinated on October 30, in treatment of the 
herpes Except for pain in the frontal region and eye, he was well until November 
7 That morning he was awakened with great difficulty and remained awake only 
long enough to make some unintelligible sounds Later his extremities became 
“stiff” and the family noticed occasional movements of the limbs 

Eramtmiton — On his admission, the temperature was 994 F , the blood pres- 
sure was 140 millimeters of mercury systolic and 75 millimeters diastolic, and the 
pulse rate was 80 per minute There were vesicular lesions, many of them crusted, 
on the left side of the nose and the left supraorbital region Two old vaccination 
scars and a recent vaccination scab was present on the left arm He was comatose 
and could not be roused by supraobrital pressure Tonus in the limbs frequently 
varied from hypertonicity to flaccidity At times the lower limbs could not be 
flexed, even with force Cogwheel rigidity was elicited at the elbows There was 
hyperreflexia in the upper limbs The Gordon and Mendel-Bechterew signs, a 
defective plantar response and diminished abdominal reflexes were demonstrated 
on the left side Nuchal rigidity was pronounced The pupils were small , the 
right pupil reacted to light but not the left The conjunctiva of the left eye was 
diffusely reddened and edematous , the cornea was cloudy as a result of posterior 
precipitates and folds in Descemet's membrane Fine tremors of the lower jaw 
were noted from time to time. 

Laboratory Data — The blood count showed 5,500,000 erjdhrocytes, 100 per cent 
hemoglobin, and 14,600 leukocvtes, with 86 per cent polymorphonuclear leukocytes, 
13 per cent lymphocytes and 1 per cent monocytes The Kahn test of the blood was 
negative Urea nitrogen was 16 mg , and the blood sugar 69 mg , per hundred cubic 
centimeters The urine was normal Lumbar puncture on November 7 revealed a 
clear, colorless fluid with an initial pressure of 120 mm of water, a cell count 
of 100 lymphocytes per cubic millimeter, a positive Pandy reaction, a total protein 
of 120 mg per hundred cubic centimeters, a colloidal gold curve of 0033220000 
and a negative Wassermann reaction Culture of the spinal fluid disclosed no 
bacteria 
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Course of Illness — ^The patient remained in coma for forty-height hours and 
then began to respond On November 9 he was confused as to his age He 
thought he was dead and in a morgue and that the examiner was an undertaker 
He was extremely suspicious and was slow in responding to questions There 
was definite impairment of memory for both recent and remote events He could 
not state wheie he was or give the approximate month or year, he could not name 
his children There was no confabulation The Gordon sign on the left and 
the nuchal rigidity were still present The temperature rose on November 8 to 
102 F and fluctuated between 99 and 101 F, until it dropped to noimal on 
November 20 The patient’s mental state gradually returned to normal, and on 
Novembei 27 he was fully alert, cooperative and oriented There were no 
delusions or hallucinations He answered questions brisklj, and the family was 
of the opinion that he was back to his usual state The cutaneous lesions had 
practically disappeared by November 23 Lumbar puncture was repeated on 
November 27 The fluid was clear, the initial pressure was ISO min of water, 
there were 66 lymphocytes per cubic millimeter , the sugar was 52 6 mg , and the 
total protein 138 mg, per hundred cubic centimeters Another examination of 
the spinal fluid was done on December 4 and disclosed clear fluid, with initial 
pressure of 160 mm of water, 30 lymphocytes pei cubic millimeter and a total 
protein of 75 5 mg per hundred cubic centimeters On Dcccmbei 17 the final 
spinal puncture showed clear fluid, 50 lymphocjtcs per cubic millimeter and a 
total protein of 64 mg per hundred cubic centimeters 

During his hospitalization the patient received 280,000 units of penicillin and 
was given 14 Gm of sulfadiazine between November 7 and Novembei 9 No 
objective signs of focal involvement of the central or the peripheral nervous sjstem 
were present on his discharge, on December 30 

COMMENT 

The subject of this report had no clinical indications of meningo- 
encephalitis until eight days aftei vaccination Lillie suggested 
lymph vaccination as a treatment for herpes zoster ophthalmicus, and he 
employed it in 11 cases with success However, in his first case 
meningoencephalitis developed ten months aftei the vaccination He 
stated 

The meningoencephalitis might be of virus origin but I feel that the infection 
of the skin of the nose was the more probable cause of the condition 

The patient recovered 

Alterations in the cerebrospinal fluid in patients with herpes zoster 
are found even though no clinical signs of meningoencephalitis are 
demonstrable Lymphocytosis is reported in many instances Achard, 

16 Lilhe, W I The Treatment of Herpes Zoster Ophthalmicus with Small- 
pox Vaccine, New York State J Med 43 857, 1943 

17 Chauffard, A , and From, G Nature evolution et duree de la reaction 
memngee dans le zona. Bull et mem Soc med d hop de Pans 19 994, 1902 
Chauffard, A , and Rendu, H Meningite zonateuse tardive dans un cas de zona 
ophthalmique, ibid 24 141, 1907 Brissaud and Sicard Cytologie du liquide 
cephalo-rachidien au cours du zona thoracique, ibid 18 260, 1901 Wiegmann, F 
Herpes zoster cephalicus (20 eigene Beobachtungen) , Munchen med Wchnschr 
81 1970, 1934 
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Loeper and Laubry noted lymphocytosis m 50 per cent of 16 cases 
Brown and Dujardin reported lymphocytosis in 28 of 42 cases, and 
they stated the opinion that the presence of syphilis was not a factor 
Schussler found an increase of cells m 16 of 18 cases Touraine^^ 
noted pleocytosis m 50 per cent of 97 cases of localized herpes zoster 
collected from the literature or occurring m his own experience In 
a similar percentage of cases of generalized herpes zoster, the cells were 
increased Henkel reported an increase of cells in 19 of 30 cases of 
idiopathic herpes zoster and an elevated protein content in 40 3 per cent 
of 57 cases Merritt and Fremont- Srrtith examined the fluid m 8 cases 
and found an increase m the number of cells m 6 of them The pleocytosis 
may persist for a long time,"'^ even as long as two or three weeks after 
healing of the herpes Sicard reported 2 cases m which the spinal 
fluid had an increased cellular content ten and thirteen months, respec- 
tively, after the appearance of the eruption 

Occasionally a full blown meningoencephalitis develops in a case of 
herpes zoster Krumholz and Luhan described the autopsy in such 
a case and briefly summarized 5 others collected from the literature 
They mentioned 3 other cases in which no autopsy was performed 

18 Achard, C , Loeper, M , and Laubry, C Le liquide cephalo-rachidien 
dans le zona, Bull et mem Soc med d hop de Pans 18 985, 1901 

19 Brown, W H , and Dujardin, B The Cerebrospinal Fluid in Herpes 
Zoster, and the Relation of Herpes Zoster to Syphilis, Brain 42 86, 1919 

20 Schussler, D Ueber die Liquorveranderungen beim Zoster, Dermat 
Wchnschr 100 381, 1935 

21 Touraine, A Zona et liquide cephalo-rachidicn, Ann de dermat et syph 
6 289, 1935 

22 Touraine, A Le liquide cephalo-rachidien dans les zonas generalises. 
Bull Soc franq de dermat et syph 42 500, 1935 

23 Henkel, T Liquor und Herpes Zoster, Thesis, Koln, 1935, Koln, J 
Borowsky, 1936 

24 Merritt, H H , and Fremont-Smith, F The Cerebrospinal Fluid, Phila- 
delphia, W B Saunders Company, 1938, p 137 

25 Touraine, A , and Baumgartner, P Zona ophtalmique double, Bull Soc 
franq de dermat et syph 41 736, 1934 Jacquet, P , and Banety, M Zona oph- 
talmique oculo-sympathique , valeur de I’epreuve des collyres. Bull et mem Soc 
med d hop de Pans 50 1561, 1926 Henkel =3 

26 (a) Georgi, F , and Fischer, O Humoralpathologie der Nervenkrankhei- 
ten, in Bumke, O , and Foerster, O Handbuch der Neurologic, Berlin, Julius 
Springer, 1935, vol 7, pt 1 (b) Gordon, I R S , and Tucker, S F Lesions of 
the Central Nervous System in Herpes Zoster, J Neurol , Neurosurg & Psychiat 
8 40, 1945 (c) Denny-Brown, D , Adams, R D, and Fitzgerald, P J Pathologic 
Features of Herpes Zosler, Arch Neurol & Psychiat 51 216 (March) 1944 

27 Sicard, J A Le liquide cephalo-rachidien. Pans, Masson & Cie, 1902, p 

182 

28 Krumholz, S , and Luhan, J A Encephalitis Associated with Herpes 
Zoster Report of a Case, Arch Neurol & Psychiat 53 59 (Jan ) 1945 
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The cellular changes m the spinal fluid associated with postvaccinal 
encephalitis aie much less frequent, and they lemain abnormal for a 
much shorter pei lod The spinal fluid m the 34 cases of van Bastiaanse ’• 
was normal except for slight pleocytosis in a few instances There were 
no abnormalities in the fluid m the 3 cases of Lucksch ““ Lemer 
reported 3 cases The highest cell count was 181 cells per cubic milli- 
meter fourteen days after vaccination, six days latei it dropped to 10 
cells per cubic millimeter In a second case the cells deci eased fioin 18 
to 9 per cubic millimetei in eleven days Frommel and Baumgartner 
found 121 cells per cubic millimeter, with 88 per cent polymoiphonuclear 
leukocytes, twelve and a half days after vaccination in a case of post- 
vaccinal encephalitis On the following day the cell count had dropped 
to 71 per cubic millimetei, %\ith 86 per cent polymorphonuclear leuko- 
cytes Rietschel’s patient had 70 cells per cubic millimeter of spinal 
fluid foul teen days after vaccination In Roper’s case there were 1 18 
cells per cubic millimetei with 82 pei cent hmpliocytes, and a total 
protein of 90 mg per hundred cubic centimetei s fifteen days after vacci- 
nation Two \veeks later there were only 14 lymphocytes pei cubic milli- 
meter and a protein content of 35 mg per one hundred cubic centimeters 
In the report of the Committee on Vaccination of 1930,'’'* there were 
increased white cells in 8 of 19 fatal cases , wuth 1 exception, the count 
was b^low 50 

In the cases of Coyle and Hurst and Horder no increase in cells 
or protein was present thirteen and twelve days i espectively, after 
vaccination Taylor’s patient had an “excess of leukocytes, not marked ” 
There was no elevation in the globulin Flexner’s patient had 13 

29 Lucksch, F Gibt es beim Menschen eine Vakzine-Encephalitis? Centralbl 
f Bakt (Abt 1) 96.309, 1925 

30 Lemer, C Ueber zerebrale Krankheitserscliemungen im Verlaufe der 
Kuhpockenimpfung, Med Kim 22 441, 1926 

31 Frommel, E , and Baumgartner, J Accidents nerveux consecutifs a la 
vaccination antivariolique, Schweiz med Wchnschr 56 857, 1926 

32 Rietschel, H Ueber Encephalitis postvaccinahs mit Krankendemonstration, 
Verhandl d phys -med Gesellsch 56 99, 1931 

33 Roper, F A Encephalitis Following Vaccination with Recovery, Bnt 
M J 2 103, 1933 

34 Vaccination Further Report of the Committee, Gieat Britain, Ministry of 
Health, London, His Majesty’s Stationery Office, 1930 

35 Coyle, C D , and Hurst, E 'W Acute Disseminated Encephalomyelitis 
Following Vaccination, Lancet 2 1246, 1929 

36 Horder, T A Case of Cerebral Symptoms Following Vaccination, Lancet 
1 1301, 1929 

37 Taylor, J F A Fatal Case of “Post- Vaccinal” Encephalitis, Lancet 1 * 
1302, 1929 

37a Flexner, S Postvaccinal Encephalitis and Allied Conditions, JAM 
A 94 305 (Feb 1) 1930 
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cells per cubic millimeter fifteen days after vaccination, and Miller’s 
patient had 2 cells five days after vaccination , both patients died Neal,®® 
with personal experience of 10 cases, stated that “changes in spinal 
fluid are usually not marked and normal fluids may be found ” Demme 
also stated that in cases of postvaccinal encephalitis the spinal fluid is 
normal In Facey’s case encephalitis and a cutaneous eruption 
developed one month after vaccination Three examinations of the 
spinal fluid disclosed no abnormalities 

The patient described m this paper had herpes zostei ophthalmicus, 
with the probable presence of the herpes virus in the nervous system 
As already indicated, in approximately 50 per cent of the cases of herpes 
zoster there are changes in the spinal fluid without demonstrable clinical 
signs of meningoencephalitis The patient was vaccinated as a thera- 
peutic measure, and the second virus apparently activated the latent 
herpes zoster into full blown meningoencephalitis It may be argued 
that the meningoencephalitis was the result of vaccination There are 
several points of evidence against this view Postvaccinal encephalitis 
follows primary vaccination m the great majority of cases In the 
report of the committee on vaccination of 1930,®* 83 of 90 cases occurred 
in infancy after primary vaccination In the present case the vaccination 
was the patient’s third The age of the oldest person reported by the 
Committee on Vaccinations m 1928 was 55 ® , the subject of the present 
study was 60 The persistence of alterations in the spinal fluid forty 
days after the initial puncture is also in favor of a herpes infection 
Whether this patient would have had meningoencephalitis as a compli- 
cation of the herpes zoster if he had not been vaccinated is difficult to say 
In the majority of cases such a complication appears a little later in the 
course of the illness However, one cannot ignore the probable role of 
the vaccination as a precipitating factor Localized herpes zoster follow- 
ing vaccination has been noted ** Unfortunately, I was not able to 
conduct animal experiments with the spinal fluid Even if the animals 
inoculated were to show histologic changes, it would not necessarily prove 
that vaccination produced the clinical picture m the patient, since the virus 
of vaccinia is occasionally present in the blood, in various organs and even 
m the spinal fluid m cases of severe reactions to vaccination without 

37b Miller, M K Four Types of Encephalitis, J A M A 97 161 (July 
18) 1931 

38 Neal, J B Encephalitis, New York, Grune & Stratton, Inc, 1942, p 104 

39 Demme, H Liquorbefunde bei akuten Infektionen des Nervensystems, Zen- 
tralbl f d ges Neurol u Psychiat 54 133, 1930 

40 Facey, R V Encephalitis with Skin Eruption After Vaccination, Lancet 
2 669, 1942 

41 Dumont, J Vaccine et zona, Bull et mem Soc med d hop de Pans 46 
1036, 1922 Frommel and Baumgartner 
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complications In addition, several investigators found that the virus 
of vaccinal encephalitis, as well as the herpes zoster virus, could not be 
transmitted to animals 

SUMMARY 

An instance of meningoencephalitis with recovery in a 60 year old 
patient with heipes zoster ophthalmicus is leported The onset of the 
nervous complications appeared eight days after the patient was 
vaccinated m treatment for the herpes It would seem that the herpes 
virus was activated into a full blown meningoencephalitis by the vaccinia 
virus The persistence for weeks after the onset of changes m the spinal 
fluid occuiimg vith meningoencephalitis complicating herpes zoster 
is confirmed m this case 
1882 Grand Concourse (57) 

42 Herzbcrg-Kxemmer, H , and Hcrzberg, K Untersuchungcn uber post- 
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43 Mannesco, G Contribution a la pathologenic ct a la physiologic patho- 
logique du zona zoster. Bull Acad de nicd , Pans 88 487, 1922 Blanc, G, and 
Caminopetros, J Contribution a I’etudc expcrimentalc de zona. Bull Soc franq 
de dermat et syph 29 294, 1922 Mannesco, G , and Dragancsco, S Contribu- 
tion a la pathogenic et a la physiologic pathologiquc du zona zoster, Rev ncurol 
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schlechtskr 16 481, 1925 Cole, R, and Kuttncr, A G The Problem of the 
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van Bastiaanse and others ^ Kraus ^ Denny-Brown, Adams and Fitzgerald 



SURGICAL TREATMENT OF SYRINGOBULBIA 
AND SYRINGOPONTIA 

Report of Two Coses 

LIEUTENANT COLONEL FRITZ J CRAMER 
MEDICAL CORPS, ARMY OF THE UNITED STATES 

S URGICAL operation on the brain stem for the relief of syringobulbia 
and syringopontia is herewith reported in 2 cases, with successful 
outcome In a search of the literature I was unable to find reports of or 
references to precedence in the direct surgical attack on this entity Its 
counterpart in the spinal cord, syringomyelia, has been successfully 
treated and repoited on by a number of authors 

Frequently called the Puussepp procedure, the operation for syringo- 
myelia was perfonned by Elsberg ^ at an earlier date and Abbe and 
Coley were credited by Adelstem ^ with the first report of this procedure, 
in 1892 Adelstem, Frazier,® Putnam,^ Kuhlendahl,® Cox,® Worster- 
Drought and associates,^ Woods and Pimenta® and others cited by 
them have all reported on the surgical treatment of syringomyelia 
Whereas Frazier,® in evaluating 2 of his own cases and 14 early cases 
collected from the literature, found notable improvement m 50 per cent. 
Woods and Pimenta,® in 1944, in an analysis of the 20 cases which they 
reported, averred that the surgical treatment of syringomyela, with or 
without roentgen therapy, has not produced the hopeful results previously 
reported in the literature It should be emphasized, as several of these 

1 Elsberg, C A Surgery of Intramedullary Affections of the Spinal Cord 
Anatomic Basis and Technic, J A M A 59 1532-1536 (Oct 26) 1912 

2 Adelstem, L J The Surgical Treatment of Syringomyelia, Am J Surg 
40 384-395 (May) 1938 

3 Frazier, C H Drainage of a Syringomyelic Cavity, Twice in the Same 
Patient, Three Years Intervening, JAMA 101 1228 (Oct 14) 1933 

4 Putnam, T J Syringomyelia Diagnosis and Treatment, M Clin North 
America 19 1571-1582 (March) 1936 

5 Kuhlendahl, H Die operative Beinflussbarkeit der Hydromyehe und 
Synngomyelie, Deutsche Ztschr f Nervenh 140 1-27 (Feb 22) 1936 

6 Cox, L B On the Origin and Treatment of Syringomyelic Cavities, M J 
Australia 1 481-483 (March 12) 1938 

7 Worster-Drought, C , Wakeley, COG, and Shafar, J The Surgical 
Treatment of Syringomyelia, Brit J Surg 29 56-73 (July) 1941 

8 Woods, W W, and Pimenta, A M Intramedullary Lesions of the Spinal 
Cord Study of Sixty-Eight Consecutive Cases, Arch Neurol & Psychiat 52 
383-399 (Nov) 1944 

9 Frazier, C H , and Rowe, S The Surgical T reatment of Syringomyelia, 
Ann Surg 103 481-497 (April) 1936 
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authors have already done, that the indications for operation should be 
those already well established for operation on the central nervous sys- 
tem In the case of syringomyelia the most important indication is a 
relentless progression of symptoms, coupled with evidences of abnormal 
tension and of cerebrospinal fluid block and correct localization If 
these criteria are applicable to syringobulbia, the operation may be uiged 
Certain reservations, based on the disseminated and progressive nature 
of the basic pathologic state, must be borne m mind It must be realized 
that many of the symptoms will, of necessity, remain static because of 
the essentially destiuctive natuie of the disease However, the signs 
and symptoms of increasing pressure will be relieved, and if the end 
stage of cavity formation has been reached at the time of operation 
the further progiess of the disease may be halted Furthermore, not 
all the paralytic symptoms are necessarily due to irreversible changes 
m the cellular groups and neural pathways involved Some may be 
produced merely by direct hydrostatic pressure from the adjacent cavity 
and after relief of this tension may show mprovement 

REPORT OF CASES 

Case 1 — A 35 year old timekeeper and clerk was treated in the Neurological 
Institute of New York from July 17 until Sept 16, 1941, with craniectomy in the 
posterior fossa on Aug 21, 1941 He entered the hospital with the following chief 
complaints (1) Blurred vision, later becoming true diplopia, of sudden onset, 
m the summer of 1939, while he was reaching to catch a ball during a game The 
disturbance recurred intermittently, chiefly on movements of the head, and had a 
progressive course (2) Awkwardness of tlie left hand, first noted in typewriting 
in the late summer of 1939, and later, in more pronounced form, in piano playing, 
m the autumn of 1939 (3) Attacks of light headedness and sensations of being 

suspended m air, accompanied with diplopia and precipitated by looking to the left ; 
onset in the winter of 1939 (4) Staggering gait and tendency to drag the 

left foot, onset in the spring of 1941 (5) Tinnitus, bilateral, occurring spon- 

taneously at times but chiefly on turning the head sharply, onset in the spring of 
1941 (6) Coarse tremor of the left forearm, of pronation-supination type, occur- 

ring frequently, on attempting purposive movements , onset in the summer of 1941 

(7) Nuchal pain and headache, radiating from the base of the skull, posteriorly, up 
over the vertex in the midline This occurred chiefly on flexion of the head, as 
when he was lacing his shoes, it also was noted on extension of the head and' 
on coughing, sneezing and straining at stool Onset was in the summer of 1941 

(8) Nausea and vomiting, occasional, sometimes projectile, preceding his admission' 
to the hospital 

The past history was not remarkable except for a chronic cough of twelve years’ 
duration, diagnosed as bronchiectasis and productive of a few teaspoons of pus 
daily, which was not foul tasting or malodorous He also had had two head 
traumas The first had occurred twenty years before and was associated with 
retrograde amnesia but not unconsciousness, the second, occurring after the onset 
of his present illness, the result of tripping on the stairs, was associated with 

10 Case 1 IS from the Department of Neurology, Columbia University College 
of Physicians and Surgeons, and the Neurological Institute of New York 
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bleeding from the ear, ecchymosis about the eyes and a state of being dazed_, without 
unconsciousness 

General Physical Examination — The patient was slender and prematurely gray, 
he did not appear acutely ill on admission but grew progressively worse during the 
period of preoperative observation in the neurologic and neurosurgical services 
The general physical condition was normal 

Neurologic Examination — Gait He walked with a broad base and showed a 
tendency to stagger m either direction and to veer toward the right. No hemi- 
plegic attitude was obvious, but the associated swing of the left arm in walking 
was diminished, and in crawling he tended to slide the left hand forward instead of 
lifting it, as he did the right ' 

Motor Status Motor power was reduced in both left extremities, yet he was 
able to walk on both his heels and his toes Equilibration was normal Non- 
equilibratory coordination tests revealed a tremor of the left forearm in both pro- 
nation and supination, this occurred intermittently when the patient was at rest 
or was leaning on his palm Succession movements were poorly performed in 
iboth left extremities, there was past pointing m the left hand, and check and 
irebound phenomena were abnormal in the left arm Posture holding was normal 
Reflexes The tendon reflexes were hyperactive throughout but were more 
•exaggerated on the left The superficial reflexes were all present and equal, except 
that the plantar response on the right was not as definite as that on the left 
Cranial Nerves — First The olfactory nerves were normal 

Second Visual acuity and the visual fields were normal on gross testing The 
•vessels were normal, but the edges of the disks were blurred on the nasal side 
Third, Fourth and Sixth There was pronounced, sustained nystagmus on 
looking toward the left, and some on lateral gaze to the right There was slight 
ptosis of the left upper eyelid The right pupil was 5 mm larger than the left 
Fifth Sensation was normal over the face Some equivocal sensory alteration 
"was noted on the anterior portion of the left side of the tongue The corneal reflex 
■was decreased in strength on the left side, the loss developing during the period of 
observation The masseter and temporal jnuscles were paralyzed on the left side 
Seventh There was weakness in all the muscles of expression on the left side of 
"the face The greatest weakness was in the lower nortion of the face, simulating 
facial paresis of central origin except that spontaneous blinking was also affected 
Eighth Hearing was normal except for audiometric diminution m the upper 
tones in both ears Responses to the caloric test were not determined 

Ninth and Tenth There was no gross loss of function, but the pharyngeal and 
palatal reflexes lagged on the left side 

Eleventh No weakness was demonstrable in the sternocleidomastoid or the 
trapezius muscles , yet the patient held the head rotated toward the left, with the 
•chin elevated 

Twelfth The tongue deviated slightly toward the left 
Mental State — The mental condition of the patient was normal 
Special Studies — ^Roentgenographic examination of the chest revealed nothing 
abnormal Roentgenograms of the skull revealed no evidences of increased intra- 
cranial pressure and no abnormalities of the sphenoid or petrous ridges or of the 
iinternal acoustic meatuses 

Electroencephalographic studies revealed no abnormalities of focal nature, but 
there was a diffuse mild abnormality Phase reversal was noted in both frontal 
regions, and there was low voltage, fast and slow activity, throughout 
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Pneumoencephalographic examination was performed on Aug 17, 1941, 80 cc 
of fluid being replaced with 75 cc of air The lateral and third ventricles were 
moderately dilated, the cisterna pontis was narrowed, and the anterior extension 
of the left cisterna magna was narrowed, while only the posterior portion of the 
cistern on the right was visualized The roentgenographic diagnostic impression 
was that of tumor in the posterior fossa, in the cerebellum rather than in the 
brain stem, and to the right of the midline 

Routine laboratory tests of the blood and urine revealed no abnormality The 
protein of the cerebrospinal fluid measured 60 mg per hundred cubic centimeters 

The preoperative clinical diagnosis was tumor of the brain stem, probably glioma, 
with an extra-axial growth, possibly meningioma, a less likely probability Because 
of the relentless progression of his symptoms and beginning deterioration of his 
general status, operation was advised 

Operation — On August 21, with the use of local anesthesia and with the patient 
m the sitting position, a craniectomy was earned out in the posterior fossa On 
opening the dura, tlie cerebellar tonsils were noted to be herniated into the spinal 
canal to a considerable extent Exploration was first carried out in the left 
cerebellopontile angle, where, at the point of emergence of the trigeminal nerve, 
an abnormal protuberance of the brain stem was encountered Its thin wall was 
opened by blunt dissection, and an unmeasured quantity of jellow fluid escaped 
No tumor tissue was observed The depth of the remaining cavity was about 1 cm 
The interior of the fourth ventricle was then explored, and the left half of the flo6r 
of the ventricle was observed to be tumefied and ^greatly deformed Just above 
the acoustic striae there was an obviously thin-walled cyst, which was entered by 
blunt dissection and evacuated of its yellow fluid contents The size of the cavity 
was not accurately determined A specimen of the wall was removed for histologic 
examination The maneuvers described had no appreciable effect on the patient’s 
vital condition or immediate symptoms 

Pathologic Report on Swgtcal Specimen (Dr Abner Wolf) — Gross Examina- 
tion The specimen consisted of two small pieces of tissue, measuring 7 by 5 by 4 
mm and 4 by 5 by 6 mm respectively, which had the consistency of soft rubber 
The tissue was pale gray, and the outer surface was smooth and uniform m 
appearance 

Microscopic Study The specimen consisted of a number of fragments of 
neural tissue Some of these contained clusters of nerve cells and tracts the architec- 
tural arrangement of which suggested that of the normal brain stem Others 
contained no nerve cells or only a few sclerotic cells In these areas there appeared 
to be an increase in glial fibers, and there were homogeneous, twisted fragments of 
deeply-staining reddish material, the so-called Rosenthal fibers Occasional perivas- 
cular lymphocytic infiltrations were seen in such zones On the surface of some of 
these areas were what appeared to be flattened ependymal cells This tissue at 
times appeared to be rather edematous No tumor tissue was noted m the specimen 
The dense mass of glial tissue, the Rosenthal fibers and the adjacent, well preserved 
parenchyma of the brain stem suggested that the specimen was from the wall of a 
syrinx 

The pathologic diagnosis was synngopontia There was no gross or micro- 
scopic evidence of tumor (fig 1) 

Postoperative Comse — The patient’s complaints referable to increased intra- 
cranial pressure were relieved by the operation, and he made an uneventful recovery 
from the procedure Postoperatively, there was a coarser and more frequent tremor 
■of the left arm and no appreciable change in the symptoms of cranial nerve palsy. 
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and tlie ataxia remained Six months after operation, on a follow-up visit to the 
clinic the patient was ambulatory but was still very ataxic He was last observed, 
for the purpose of this report, fourteen months after operation, at which time he 
was not yet employed but was seeking work consistent with his status, to which 
he was becoming accustomed He still retained, however, the neurologic deficits 
which he had before operation 

Case 2 — The 35 year old widow of a deceased Army officer entered an Army 
general hospital on Aug 8, 1943, with the following chief complaint At intervals 
for many years she had had a peculiar, shockhke sensation referable to the atlanto- 
occipital region This had occurred particularly on movement of the head and was 
a distressing sensation The same movement precipitated a similar shockhke 
sensation in the lower extremities Until about June 1943 she had had these 
sensations intermittently, during self-limited periods However, for the several 



Fig 1 (case 1 ) — Section from the wall of the cavity in a case of synngopontia 


weeks before her admission to the hospital they had become severe and persistent 
and had been associated with the following complaints (1) pain in both upper 
extremities, chiefly on the right, (2) subjective numbness on the right side of the 
face and tongue, (3) a subjective sensation of weakness in the throat, making 
breathing difficult, (4) a disturbance in salivation, which she referred to the 
right side, under the tongue and described as “tangy” or “cankery”, (5) a tingling 
sensation on the right side of the tongue , (6) nausea and vomiting, and (8) 
blurred vision 

Neurologic Examination — Gait The gait was moderately ataxic, and she was 
unsteady in standing on either foot alone or on both feet together with the eyes 
open or closed 

Motor Status There was no gross loss of motor function 

Reflexes There was moderate hyperreflexia over the enbre right side 
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Sensation There was slight diminution of sensation to all modalities over 
the right side of the forehead and the bridge of the nose There was also some 
sensory diminution on tlie right half of the face and tongue, on the right posterior 
wall of the pharynx and of the palate and on the left side of the trunk and the left 
extremities 

Ciantal Naves — First No subjective. or objective loss of olfactory sense was 
apparent 

Second There was no definite papilledema, but the veins were dilated in both 
fundi, particularly m the upper portion of the right and the lower portion of the 
left 

Third, Fourth and Sixth There was subjective blurring of vision No weak- 
ness of the ocular muscles was apparent, but a fine, rhythmic nystagmus appeared 
on lateral gaze to cither side and on looking upward 

Fifth The motor portion of the nerve was normal , sensation in the distribution 
of this nerve has been described in the preceding section 

Seventh The seventh nerve was normal 

Eighth Hearing Was 20/20 bilaterally The caloric test with injection of ice 
water into each ear produced nystagmus in twenty seconds of one hundred and fifty 
seconds’ duration This response was interpreted by the otologist as showing a 
hypenrntable labyrinth 

Ninth and Tenth There were subjective disturbance of salivation, as noted 
previously, and diminished sensation over the pharynx and palate Speech was 
abnormal, being “palatal," but there was no hoarseness or paralysis of the palate, 
and the uvula moved in the midline 

Eleventh The nerve was normal 

Twelfth There were slight, but definite, atrophy of tlie lateral border of the 
right side of the tongue and deviation of the tongue toward the right on extension 

Labofatoiy Data — The blood and urine were normal Examination of the 
spinal fluid showed no trace of globulin, but the total protein was increased to 52 
mg per hundred cubic centimeters There were 2 white cells per cubic millimeter , 
these were lymphocytes The colloidal gold curve was 1111100000 

Pieoperahve Diagnosis — The diagnostic probabilites were (1) tumor, (2) 
syringobulbia and (3) adhesive arachnoiditis 

Clinical Cowse — ^Under observation, the patient grew progressively worse, 
complaining of nausea, vomiting and headaches, which were nuchal and occipital 
Her condition began to become alarming, and inasmuch as the neurologic picture 
was patent in its localization of the lesion in the medulla, an exploratory operation 
was decided on 

Opeiaiion — On October 1, with the patient under ether anesthesia, an upper 
cervical laminectomy and a suboccipital craniectomy on the right side, extending 
across the midline, were performed When the dura was opened, a large cyst 
was disclosed, occupying the upper segment of the cervical part of the cord and 
the medulla and filling the entire space usually occupied by the cisterna magna 
and the inferior portion of the fourth ventricle This cyst was overlaid with a 
somewhat thickened and vascularized arachnoid membrane At the lateral extent 
of the cisterna cerebellomedullans there was a small cistern containing clear fluid 
The dura was held m retraction by silk sutures, and the cystic mass was then 
explored It was observed to extend from the spinal cord opposite the junction of 
the first and second cervical laminas into the fourth ventricle It had displaced 
both cerebellar hemispheres upward and laterally, hollowing out a large space 
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between them There were small blood vessels coursing over the surface of this 
cystic mass It was incised in an avascular area and approximately 30 cc of 
yellow cystic fluid aspirated Some of this was sent to the laboratory for examina- 
tion Within this cystic cavity, the roof of which was opened widely with a 
longitudinal incision, no tumor tissue could be seen The walls were of a yellowish 
appearance At the inferior portion of the cyst, where it joined the body of the 
medulla, there were several large veins With the deflation of the cyst it was 
seen that the upper portion, which filled the fourth ventricle, was merely the wall 
The lower portion, at the junction of the medulla and the spinal cord, was solid 
This portion was rather vascular A small section of the wall of the cyst was 
removed for examination After evacuation of the cyst, the dura was closed with 



Fig 2 (case 2) — Degenerative nerve tissue removed at operation in a case of 
syringobulbia, magnification about 57 


a lock stitch of silk, and the muscles, fascia and skin were closed with interrupted 
black silk sutures The condition of the patient remained excellent throughout the 
operation, but she received two transfusions of blood, as well as dextrose, during 
the operation as supportive measures 

Dtagjwsis — The postoperative diagnosis was syringobulbia 

Postopeiative Course — The patient made an uneventful recovery On the 
sixth postoperative day the sutures were removed, and the wound healed by primary 
intention The patient was able to get up and about gradually, when she was 
reexamined on Nov 24, 1943, she was free from headaches but had some subjective 
dizziness and epigastric distress, with slight nausea and occasional vomiting She 
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had slight ataxia in walking but no nystagmus or past pointing The hyperreflexia 
remained over the entire right side,. and there was slight diminution of sensation 
over the right side of the forehead and the bridge of the nose, as well as over the 
left upper extremity The optic disks and vessels appeared normal In summary, 
the symptoms referable to increased intracranial pressure, and to some degree the 
involvement of the cranial nerves, had regressed satisfactorily at this time The 
loss or alteration of function in the long tracts remained about the same She was 
discharged from the hospital on Dec 7, 1943 

The patient made a very satisfactory recovery, and after a rest of six months 
she was able to earn her livelihood as a clerk When last examined, about eighteen 



Fig 3 (case 2) — ^Tissue similar to that shown m figure 2, magnification 
about 120 


months after operation, she no longer had atrophy of the tongue, and the other 
signs previously enumerated were minimal However, she had referred pain about 
the breast, and the possibility of developing syringomyelia must be entertained 

Comment on Cases — “Synngopontobulbia” is the proper designa- 
tion for the condition in case 1, on the basis of the anatomic location 
of the lesions and the clinical syndrome How much part an extension 
into the midbrain itself may have played in the causation of the pupillary 
inequality, the slight ptosis of the left hd and the very coarse, alternating 
tremor of the left arm cannot be determined but is of speculative 
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interest The differential involvement of the trigeminal nerve is of 
note, since the pathways for pain and temperature sense, being bulbo- 
spinal, were barely affected, whereas involvement of the motor nucleus, 
being pontile, caused complete paralysis The subjective sensation of 
levitation produced by certain head movements is the most mteresting 
symptom I do not recall that this sensation of being suspended in air 
has been expressed by any other patient with a cerebellar or cerebello- 
pontile lesion From the neurophysiologic standpoint, it is difficult to 
localize, except that it is generically of vestibular pathway origin But 
whether in this case it was an aberration of transmission of normally 
engendered stimuli within the semicircular canals or was precipitated 
by impact of fluid in the syrinx against the intra-axial pathways is, again, 
a matter for speculation The peculiar tilt of the head, simulating that 
seen with paralysis of the sternocleidomastoid muscle, was doubtless of 
vestibular pathway origin The particular type of facial paralysis was 
somewhat unusual and worthy of note Whereas the lower portions of 
the face were severely affected, voluntary function in the upper portions 
was, by contrast, well preserved Yet, as seen on simple observation 
of the patient’s face at rest, the restriction of automatic blinking of the 
left eye was the signal evidence of a lesion of the lower motor neuron 
type Inasmuch as the lesion was pontile and the sixth nerve was not 
affected, I attribute the facial paralysis to involvement of the nucleus, 
rather than of the pathway or the peripheral course of the nerve The 
occurience of syringomyelic states with the Arnold-Chiari syndrome 
makes the observation that the cerebellar tonsils were herniated into 
the spinal canal of some importance At operation I accepted this 
herniation as typical of that observed during operations for tumor of 
the posterior fossa However, the general symptoms of pressure had 
occurred late in the illness, and the patient had no papilledema Also, 
the exploration into the cerebellopontile angle was easily made, as is not 
the case with tumor Inasmuch as the spinal canal proper was not 
inspected, it cannot be known whether the elongated tonsils were 
attached to and drawn down by the spinal cord or whether they were 
free That the fourth ventricle and the medulla were in their normal 
position, and not drawn down, is certain These facts are emphasized 
because of reports in the literature of the association of other fragments 
of status dysraphicus and myelodysplasia with these synngomyeha-like 
conditions, as discussed by Lichtenstein and Nelson Such syndromes 
are the Arnold-Chiari malformation and other syndromes of anomalous 

11 Lichtenstein, B W Distant Neuroanatomic Complicabons of Spina Bifida 
(Spinal Dysraphism) Hydrocephalus, Arnold-Chian Deformity, Stenosis of the 
Aqueduct of Sylvius, etc , Pathogenesis and Pathology, Arch Neurol & Psychiat 
47 195-214 (Feb ) 1942 

12 Nelson, J Intramedullary Cavitation Resulting from Adhesive Arach- 
noiditis, Arch Neurol & Psychiat 50 1-7 (July) 1943 
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segmental development, usually with defects or abnormalities of the 
slmll and/or spine demonstrable m roentgenograms In the present 
cases theie were no bony abnormalities No indications that the cystic 
degeneiation was secondary to an extra-axial cause were noted 

Case 2 represents a syrmgobulboni) elia and exhibits vaiious features 
of a lesion m this particulai location, simulating the well known syn- 
drome of the posteiior mferioi ceiebellar artery, in the domain of which 
it occurred In contiast to the pictuie in case 1 are the findings 
referable to the trigeminus m the second case Whereas in the first 
case there was complete motor paralysis and little sensory change, 
in the second case there was of necessity involvement of the descending 
tract only, and therefore no motor loss, but subjective and objective 
changes on the forehead and face Of greatei surgical interest, 
however, is the i egression of the atrophy and iidging of the tongue 
on the affected side duimg the postoperative peiiod This demon- 
strates that some of the central changes were reveisible and that they 
were due to the hydiostatic pressure primarily, lather than to direct 
destruction, as one would ordinarily infer 

The observation that the aiachnoid membrane was thickened and 
vascularized over the syrinx lequires discussion It will be noted that 
adhesive arachnoiditis was the third preoperative diagnosis Inasmuch 
as the shocklike sensations occurred ovei a number of years, on moving 
the head, and the focal and general increase in pressure developed 
only within a few months of the time of operation, the arachnoiditis no 
doubt produced these shocklike sensations, which are typical of such 
a condition Furthermore, the cerebellar tonsils were not then dis- 
placed into the canal, and their herniation cannot be used to account 
for these sensations referred downward into the exti emities and upward 
from the neck on flexing the head Although Nelson^- and others 
have mentioned the presence of arachnoidal adhesions in certain cases 
of status dysraphicus associated with underlying cavitation, in the 
present case there is no probability that the arachnoidal changes played 
any part in the production of the cavitation The cyst was primarily 
in the medulla, while the adhesions were atlanto-occipital They were 
not adhesions of the massive and constricting type which sometimes sur- 
round the spinal cord and produce transverse pressure syndromes 
This point is worthy of some emphasis because myelopathy and arach- 
noidal adhesions are not infrequent coincidental occurrences, but the 
adhesions should not be considered the etiologic factor in the myelopathy 
unless they are truly bandhke and constrictive 

GENERAL COMMENT 

The conditions of syringomyelia, syringobulbia and synngopontia 
are merely topogi aphically different expressions of the same basic 
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pathologic process They are due to anomalous congenital dysplasia 
of ectopic ghogenous cell rests within the neuraxis, and the symptoms 
are caused by the sequelae of the developmental, maturative and degen- 
erative processes which these undergo Tamaki and Lubin have 
demonstrated islands and strands of primitive spongioblasts which 
proliferate and develop into adult glial tissue This tissue, with its 
sui rounding abnormal vasculature, undergoes a cycle of degeneration, 
necrosis and liquefaction as the patient reaches adult life, or often 
earlier The cavitation may be single, multilocular or truly syringoid, 
extending for long distances within the neuiaxis The symptoms are 
produced m part by direct involvement of nuclear masses or fiber 
tracts, whose normal location has been supplanted by the hyperplastic 
cell rests In part, they arise from disturbance of vascular supply to the 
normal nerve tissues due to the degeneiation and diapedesis and hemor- 
rhage which may occur in the abnormal vessels surrounding the hyper- 
plastic zone Also in great part, the symptoms are produced by direct 
pressure on adjacent nerve tissue by the collection of fluid under 
increased tension within the cavitations As in the cases cited here 
and in those reported by other authors in which surgical intervention 
was beneficial, the relief of this tension resulted in arrest of the prog- 
ress of the disease, and even recovery of some of the neurologic 
deficits In neither of the present cases was any attempt made to 
obliterate the cavity or to affix a nonabsorbable foreign body to the 
edges of the myelotomy wound in order to maintain a communication 
between it and the subarachnoid space Frazier,® in a case with recur- 
rent symptoms, operated a second time and found that the cavity had 
closed up and refilled with fluid The second operation benefited 
the patient mateiially In analysis of the cases which he reviewed, 
Frazier inferred that a technic to keep the cavity open yields the best 
results Yet, m examining these results, one finds that in 8 of 16 
cases an attempt was made to effect drainage by introducing a foreign 
body In 3 cases there was “very little change ” In 4 cases “moder- 
ate improvement” occurred In 1 case there was “marked improve- 
ment ” In 8 other cases drains were not inserted Of these, “moderate 
improvement’” occurred in 1 and “marked improvement” in 7 Thus, 
the figures cited by him and the inference drawn do not seem to be 
in accord, and more of the patients without drains were able to return to 
work than of the others Davis cited 10 cases, m which immediate 
benefit resulted from the operation, although no patient was made free 

13 Tamaki, K , and Lubin, A J Pathogenesis of Syringomyelia Case 
Illustrating the Process of Cavity Formation from Embryonic Cell Rests, Arch 
Neurol & Psychiat 40 748-761 (Oct) 1938 

14 Davis, L The Principles of Neurological Surgery, ed 2, Philadelphia, 
Lea & Febiger, 1942 
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fioni symptoms He was equivocal concerning the value of silvei 
clips introduced into the edges of the myelotomy wound in an effort 
to maintaip drainage The value of intioducmg a foreign body is 
doubtful Not only will natuie attempt to close the defect but will 
also enclose the foreign bod}^ with tissue Furthernioie, the pio- 
duction of fluid within the syrinx is not a secietory function It lesults 
from degenerative liquefaction of a mass of abnormal cells which have 
become inadequately nouiished through abnormal blood supply In 
my opinion, in most of the cases in which the symptoms demand 
operation an end stage in the pathologic piocess will have been reached, 
and recurrence at the point of operation will not take place 

SUMMARY 

A case of synngopontia and one of syringobulbia, with direct sur- 
gical operation on the pons and the medulla, i espectively, are reported, 
with successful outcome 

In both cases the condition simulated neoplasm clinically, m the 
relentless progression of symptoms 

In both cases the syndrome of advancing inti acranial pressure was 
relieved 

In the case of syringobulbia the patient recovered from the neuro- 
logic deficits and was enabled to earn her own livelihood 

I 

CONCLUSIONS 

Syringoid myelodysplasias of the brain stem are amenable To sur- 
gical intervention 

Operation should be undertaken when the course is relentlessly 
progressive and the pace of development indicates advancing intra- 
cranial compression 

Neurological Institute of New York 
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Physiology and Biochemistry 

Studies of Distribution of Poliomi elitis Virus H E Pearson and R C 
Rendtorff, Am J Hyg 41 164, 179 and 188 (March) 1945 

Pearson and Rendtorff’s first study of the distribution of poliomyelitis virus 
was concerned with the environment of sporadtt cases Testing stool specimens 
from almost the entire population of a village where poliomyelitis occurred m an 
adult, they recovered virus only from the 6 year old son of the patient Pools 
of specimens from 127 persons in 39 families were uniformly negative Of 30 
persons associated with a patient with poliomyelitis in a small town, virus was 
recovered only from the stools of a sibling aged 5 years and from 2 playmates, 
aged 7 and 5 years, of another family No virus was detected in the stools of the 
associates of 2 patients on farms or of 2 patients in a small town Virus was not 
recovered from fecal specimens from farm animals or from flies, mosquitoes or the 
brains and intestines of rats or mice from the environment of these sporadic cases 
In the second study stool samples from nearly all the children under 16 years of 
age were tested for the presence of virus after the occurrence of 2 cases of polio- 
myelitis in a small town Members of the families of the patients also were tested 
Of 282 persons in 146 families, virus was recovered from the brother and a group of 
3 cousins of one of the patients and from children of 8 other families , 5 of these 
children were 2 years of age From the degree of association of those found to ' 
harbor the virus, it was concluded that personal association was the principal 
factor involved in the spread of infection within the community The third study 
concerned the distribution of virus in a selected district of Fort Worth during the 
1943 epidemic of poliomyelitis Stools from 524 persons were tested for virus by 
inoculation of monkeys Sin of 8 households representing 27 familial contacts were 
positive for virus, as were 8 of 45 households containing 80 nonfamilial contacts 
and 2 of 127 households representing 374 noncontacts Virus was harbored by 
adults in 5 of the 6 positive households of familial contacts Virus was not 
recovered from specimens of water, sewage, flies, ants, cockroaches or droppings 
of domestic animals An agent that produced paralysis in mice and cotton rats 
was obtained from a pool of brains and intestines from 22 rats from the city dump 
No virus was recovered from several batches of mice and rats collected m various 
other parts of the city JAMA 

Refrigeration Anesthesia for Amputations Sergei S Yudin, Am Rev 
Soviet Med 2 4 (Oct ) 1944 

Yudin discusses his observations on 106 patients A total of 120 amputations 
of the extremities were performed under refrigeration anesthesia The anesthesia 
was completely effective in 81 cases and satisfactory in 22 cases No supplementary 
anesthesia was needed In the remaining 3 cases the anesthesia failed In 1 case 
the tourniquet became loose, in the second the patient withdrew the leg from the 
ice, and in the third an attempt was made to refrigerate the leg without a 
tourniquet No anesthesia was obtained, and ether was administered 

Data are presented which indicate that refrigeration anesthesia does not 
dimmish the viability of tissues at the amputation stump, nor does it delay- healing 
The reduced volume of blood circulating through the extremity and the lowered 
cell metabolism account for the excellent results 

454 
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Refrigeration anesthesia possesses definite advantages It does not introduce 
an additional toxic agent into the body The anesthesia is absolutely complete in 
that It eliminates the conduction of all painful, tactile and other stimuli along the 
spinal and sympathetic nerve patlis The progressive warming of the stump after 
the operation gradually restores conductivity in the severed nerves and also 
provides against excessive stimulation of the receptor centers in the brain, this 
occurs when the paralyzing influences of local or general anesthesia are removed 
suddenly Finally, peripheral vascular collapse is prevented by the retarded 
absorption of toxins from tlie stump Guttman, Philadelphia 

Abaptation to Anoxia at Different Age Levels I A Arshavski, Am Rev 

Soviet Med 2 508 (Aug ) 1945 

Arshavski reports observations on the effect of anoxia on puppies of different 
ages and on adult dogs Records were made of the reactions of the cardiovascular 
and respiratory systems and of the changes in hemoglobin and the erythrocyte couht 
of the blood In acute experiments, animals of different ages, beginning with 
those 1 day old, inhaled gas mixtures with varying oxygen concentrations from a 
bag supplied with a valve According to tlic results obtained, the animals may be 
divided into three age groups those from 1 to 18 days old, those from 18 to 45 
days old and those above 45 days of age, including adults 

The author concludes that the young animal is more susceptible to anoxemia 
than the adult 

Data obtained on animals were confirmed in experiments on young children 
The significant effect of anoxia is disorder of muscular coordination In adults 
anoxemia was followed by paralysis of the feet, then of the hands and, finally, of 
the head musculature In all children examined, the capacity to support the head 
in a vertical position was lost as soon as cyanosis appeared There was recover)' 
within thirty minutes to an hour 

Arshavski concludes that “children and young puppies are much less resistant 

to moderate oxygen deficiency than are adults The lower tolerance of the younger 

organism is due to lack of the adaptive reactions which ensure the resistance of 

the adult organism to anoxemia ” ^ th i i i i 

Guitman, Philadelphia 

Permeability of the Hemato-Encephalic Barrier in Massive Arsenotherapy 

E I Krichevskaya and D I Lass, Am Rev Soviet Med 3 38 (Oct ) 1945 

Investigations were earned out on 43 patients in an effort to study transfer of 
arsenic into the cerebrospinal fluid The subjects included 7 patients with tabes, 
3 patients with progressive paralysis, 15 patients with syphilis of the brain, 2 
patients with syphilitic meningitis, 1 patient with syphilitic pachymeningitis, 3 
patients with syphilitic myelitis, 5 patients with latent syphilis, 5 patients with 
epidemic chronic encephalitis, 1 patient with epilepsy and 1 patient with Friedreich- 
Marie, disease , 

In this study the amounts of arsenic in the blood and the cerebrospinal fluid 
were determined by the method of Winter sterner, as modified by Krichevskaya 
Ninety-two patients received massive arsenotherapy by the drip method Arsenic 
was detected within thirty minutes to five hours after injection of arsphenamine 
In none of 49 patients, or 53 3 per cent of those studied, was arsenic found after 
twenty-four hours In patients who had inflammatory disease of the meninges, 
arsenic always penetrated into the cerebrospinal fluid 

The authors state that they established the permeability of the cerebrospinal 
fluid barrier in more than half the patients wuth primary and early secondary 
syphilis without any apparent pathologic changes in the membranes They state 
that they “detected arsenic in the cerebrospinal fluid many days and even weeks 
after the termination of treatment ” They present data which indicate that arsenic 
penetrated into the cerebrospinal fluid in 37 of 49 patients who received massive 
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arsenotherapy and who had a temperature reaction They assert, "it appears, 
therefore, that in four-fifths of the patients the temperature was a factor that 
facilitated the penetration of the barrier ” Guttman, Phildelphia 

Oxidation of Phospholipid Catalyzed by Iron Compounds with Ascorbic 
Acid K A C Elliott and B Libet, J Biol Chem 152 617, 1944 

The respiration of tissue suspensions of brain or liver was stimulated for 
thirty to forty minutes by the addition of small amounts of iron or an iron-protein 
complex This stimulation is greatly increased by the addition of ascorbic acid 
Ascorbic acid alone causes the respiration of hypotonic tissue suspensions to be 
better maintained but has no effect on isotonic suspensions With purified mixed 
phospholipid from the brain or liver at a neutral hydrogen ion concentration, 
ascorbic acid causes some oxygen uptake Ascorbic acid plus iron-protein com- 
pound produces rapid initial oxidation, the rate falling off with time The activity 
of the system varies in a complex manner with varying concentrations of the 
components Of brain phospholipids, only the cephalin fraction undergoes oxida- 
tion with iron and ascorbic acid Linoleic and linolenic acids are oxidized, but 
more slowly than is mixed phospholipid or cephalin No other reducing agent 
tried was able to replace ascorbic acid in the system The effects of different 
iron-protein preparations are not proportional to their iron content Ferritin is 
less active than ferrin Hemoglobin in small amounts is destroyed by phospholipid 
and ascorbic acid, giving rise to an active catalyst of the oxidation Cyto- 
chrome c and hemin are inactive Cyanide causes little inhibition of, and main- 
tains for a longer time, the effects of iron and ascorbic acid Epinephrine and 
other phenols are strongly inhibitor Serum is strongly inhibitory, its effect 
may be largely accounted for by inhibitory effects of calcium and of protein Some 
ammo acids, especially histidine, have pronounced stimulatory and subsequent 
inhibitory effects on the system Cleveland 

Studies of Syncope III Differentiation Between Vasodepressor and 
Hysterical Fainting John Romano and George L Engel, Psychosom 
Med 7 3 (Jan ) 1945 

Romano and Engel, on the basis of physiologic and psychologic differences, 
distinguish between fainting related to vegetative neurotic mechanisms and faint- 
ing as a hysterical conversion Fainting of the first t 3 Te, they believe, is a vaso- 
depressor syncope, in which the emotional experiences are accompanied by changes 
in the circulatory system which lead to a loss of consciousness This is shown by 
pallor, sweating, changes in the respiration and pulse and falling blood pressure, 
so that eventually cerebral anemia and marked distortion of electrical activity of 
the brain occur In hysterical patients who experience fainting as a conversion 
symptom there is a notable lack of change in respiration, circulatory dynamics and 
electrical activity of the brain during the period of unconsciousness 

Wermuth, Philadelphia 

The Clinical Characters of Pain W Gan ado, Bnt M J 1 141 (Feb 3) 
1945 

Ganado describes pain as a group of distinct feelings, each of which has clinical 
characteristics of its own The severity of pain depends on the tissues affected 
and the personality of the person involved Also dependent on the tissues implicated 
are the power of discrimination, the power of location, the types of reflexes pro- 
voked and the quality of pain According to Ganado, at least three types of 
somatic pain can be distinguished (1) surface pain, from the cutaneous and 
mucosal surfaces , (2) subsurface, or intermediate, pain, from the subcutaneous 
tissues (where these are thin), from the submucosae and from some adjacent 
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structures, when the subcutaneous tissue is very thin, and (3) deep pain, from 
muscles and from all the sensitive deep tissues m general These types are 
discussed somewhat at length Echols, New Orleans 

Psychiatry and Psychopathology 

A Psychiatric Adventure in Comparative Pathophysiology or the Infant 

AND Adult Joseph J Michaels, J Nerv & Ment Dis 100 49 (July) 1944 

Michaels discusses certain broad psychobiologic principles, such as the concepts 
of repression and regression, of evolution and dissolution of the central nervous 
system and of the evolutionary process m general, and gives examples of their 
application m human behavior In the same way in which certain infantile char- 
acteristics, such as enuresis and thumb sucking, may persist into adult life, so may 
some so-called functional symptoms of a psychosomatic disorder express them- 
selves in a manner which utilizes modes of leactmg which are consonant with 
and characteristic of earlier age periods Adult visceral somatic dysfunctions may 
represent a recrudescence of infantile visceral somatic functions This is well 
illustrated in anxiety states, m which the rapid respiration and pulse rates and 
frequency of urination and defecation arc conditions which occur m the healthy, 
physiologic state of infancy Child’s concept of gradients is used to explain the 
isolated and autonomous action of a function which has become split off to appear 
as a visceral somatic symptom Just as certain behavior patterns established m 
childhood may, under stress, become manifest m adult life, so may infantile 
physiologic patterns again become dominant over those acquired later, thus 
reversing the normal sequential senes of gradients, m which an earlier life period 
paces a later one In infancy anxiety is represented by a generalized startle 
response, which is the basic reaction to the physiologic and psychologic separation 
from the mother 

A high degree of homeostatic lability and a variable and inconstant adaptation 
to both internal and external stimuli are characteristic of infancy, just as a stable 
and delicately adjustable internal environment is an adult characteristic Thus, 
heat regulation, water and mineral balance and the levels of red and white blood 
cells are all subject to oscillations in infancy, which are not found in normal adult 
life but which do occur m neurotic persons who are exhibiting autonomic und 
endocrine infantilism Similarly, the symptoms and signs of the effort syndrome 
may be regarded in the sense of a reversion to the infantile condition, in which 
high and variable respiratory and caidiac rates are usual The diarrhea, urinary 
frequency, blushing and cutaneous eruptions of the neurotic adult are other 
examples of this type of reversion 

The choice of the organ system affected by the psychosomatic disorder may be 

determined by its fusion with an emotional process at a labile period, when the 

former had not attained its full maturation t » t- u 

Chodott, Langley Field, Va 

War and Its Psychiatric Problems Howard P Rome, J Nerv Sc Ment Dis 
101 445 (May) 1945 

Rome points out that one effect of war has been to direct psychiatric thinking 
to the problems of the group rather than to those of the individual Group and 
unit action has its principles and rules which cannot be explained by a mere 
quantitation of the individuals comprising the group Precise answers are lacking 
to such questions as the reason for the formation and the nature of groups, what 
makes a group split, and along what lines, and how can group dissolution be 
prevented or brought about Knowledge of these matters is of great importance 
both in psychologic warfare and in peacetime politics Examples of the applica- 
tion of group technics m the recent war are the prophylactic value of battle 
training and inoculation and the success of group psychotherapy 
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Returned service men will constitute a problem in group psychiatry They 
will probably break up into three predictable segments — a “lost generation” portion, 
the chronically aggressive group and the comparatively normal and easily 
readjustable majority Chodoff, Langley Field, Va 

Some Neurological and Neurovegetative Phenomena Occurring During and 

After Electroshock H H Fleischhacker, J Nerv & Ment Dis 102 
185 (Aug) 1945 

Fleischhacker reports observations on the physical phenomena occurring during 
and after electrically produced convulsions in over 70 patients, most of whom 
were women The average voltage used was 95 to 120 milliamperes against a 
resistance of several hundred to 1,000 or more ohms for an average time of 02 
to 0 4 second 

According to the strength of the stimulus, three levels of petit mal phenomena 
can be differentiated These consist of petit mal proper, affective petit mal, 
characterized bi^ emotional confusion with laughing or crying or moaning, and 
motor petit mal, characterized by movements, which may be (a) either “coordinate” 
or “pseudointentional” or (b) “organic,” striatal, and then parakmetic, athetoid 
or jerking in type 

Some of the neurologic phenomena observed during the fit may be influenced 
by the position in which the electrodes are applied If one electrode is placed 
nearer the external acoustic meatus than the other, asymmetric turning or con- 
vulsive movements may ensue 

Vegetative and vascular phenomena noted included tlie occurrence of cutis 
ansenna, sweating and, rarely, dermographism The pulse rate rises at the begin- 
ning of the fit, may increase or deciease toward the end and usually remains 
increased for a time after the fit In some cases a pulse cannot be obtained from 
the radial or the carotid artery when it is still present in the abdominal aorta 

Through its influence on the diencephalon and, through this, on the pituitary 
and other endocrine glands, shock treatment has a definite neuroendocrine' effect 
The appetite is usually stimulated, some patients experience difficulty in sleeping, 
and there is an irregular effect on menstruation Ejaculation may occur in some 
male patients during or immediately after the fit 

No discernible change was noted m samples of cerebrospinal fluid of about 
20 patients examined during and after the course of treatment 

Chodoff, Langley Field, Va 

Therapeutic Efficacv of Electroconvulsive Therapv George H Alex- 
ander, J Nerv & Ment Dis 102 221 (Sept) 1945 

In a previous communication, Alexander pointed out the desirabhty of utilizing 
a specific time interval between the teimination of shock therapy and the evaluation 
of results, m order to avoid ascribing the influence of other healing factors to 
the specific treatment He proposes that a period of thirty days following the 
final coma or convulsive treatment should be selected as the upper limit of time 
during which remissions should be attributed to its specific influence Classi- 
fying treatment as successful only when the patient was able to leave the hospital 
within thirty days after his last treatment, Alexander reports the results of 
electroconvulsive therapy in 100 consecutively treated patients and contrasts the 
results so obtained with tliose obtained in a group of patients in whom the 
criterion of successful therapy was tne ability of the patient to leave the hospital 
at some time subsequent to treatment Using the thirty day criterion, the thera- 
peutic efficacy was 51 per cent for all psychoses, 41 per cent for involutional 
psychoses, 67 per cent for manic-depressive psychoses, 49 per cent for involutional 
and manic-depressive psychoses combined and 56 per cent for schizophrenic psy- 
choses In the group in which the time factor was not considered, the percentages 
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of successful results were as follows 87 per cent for all psychoses, 84 per cent 
for involutional psychoses, 93 per cent for manic-depressive psychoses, 87 per 
cent for involutional and manic-depressive psychoses combined and 83 per cent 
for schizophrenic psychoses 

These results lend support to the belief that it is only in cases 'of mental 
illness in which recovery with othet forms of therapy is possible that electro- 
convulsive therapy hastens the process Cnonorr, Langley Field, Va 

Outcome in Dementia Pkaecon Under Electric Shock Therapy as Related 
TO Mode of Onset and to Number or Convulsions Induced Louis 
Lowinger and James N Huddleson, J Nerv & Ment Dis 102 243 (Sept) 
1945 

Lowinger and Huddleson report the relation of mode of onset and number 
of convulsions m 232 young male patients (95 per cent of them veterans of World 
War II) treated with electric shock There were remissions in 54 per cent 
after a postshock period averaging ihree and a half months when the duration 
of the psychosis had been less than sin months before the start of treatment 
This 54 per cent breaks down into 55 and 50 per cent for cases of acute and 
insidious onset, respectively The difference according to onset increases with the 
rise in the preshock duration of the psychosis For a duration of twelve to 
tiventy- three months the remission rates differed greatly, being 21 and 8 per cent 
for acute and insidious onsets, respectively There were no i emissions after a 
preshock duration of two years or over Regardless of duration, the remission 
rate for the acute onset was 34 per cent, for the insidious onset it was 15 per cent 
For all preshock durations of over six months, courses of sixteen to twenty 
grand mal treatments yielded no better remission rates than couises of ten to 
■fifteen treatments For a duration ol under six months, superior remission rates 
were obtained with ten to fifteen grand mal treatments The incidence of improve- 
ment for all durations was slightly better with sixteen to twenty than with ten 
to fifteen grand mal treatments Two courses totaling over twenty convulsions 
were practically useless CnODorr, Langley Field, Va 

Objective Personality Studies in Migraine by Means of the Rorschach 
Method W Donald Ross and Francis L McNaughton, Psychosom Med 
7 73 (March) 1945 

Ross and McNaughton made Rorschach records of 50 patients with migraine 
headaches and compared them with the records of 10 patients with headaches of 
_ undoubtedly psychogenic type, IS patients with headaches of unknown cause, 55 
symptom-free persons of superior intelligence, 50 miscellaneous psychoneurotic 
patients and 24 patients with tumor or injury of the brain The records were 
analyzed only for objectively defined signs and were interpreted as a group rather 
than individually The Rorschach method showed that the following personality 
features were associated with migraine persistence toward success, difficulty in 
sexual adjustment, perfectionism, conventionality, intolerance and, in general, 
obsessive-compulsive features 

Patients with migraine show some of the characteristics of patients with 
psychoneuroses and cerebral disease but do not resemble either of these groups in 
their most characteristic composite Rorschach ratings 

Wermuth, Philadelphia 

The Rorschach Performance with Neurocirculatory Asthenia W D 
Ross, Psychosom Med 7 80 (March) 1945 

Ross studied 50 persons with neurocirculatory asthenia by the quantitative 
Rorschach method and compared the results with those for several control groups 
The personality features of the patients with neurocirculatory asthenia included 
a tendency to give up easily under stress and an obsessional conscientiousness. 
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which made their problems appear unduly difficult to them The patients with 
longer-standing conditions possessed neurotic features to a greater degree, while 
the patients whose disturbance was of recent onset showed more obsessional char- 
acteristics and in this respect resembled m personality the patients with migraine, as 
reported m a similar study Wermuth, Philadelphia 


Electronarcosis Clinical Comparison with Electroshock George N 
Thompson, James E McGinnis, A van Harreveld, C A G Wiersma and 
Esther Bogen Tietz, War Med 6 158 (Sept ) 1944 


In the standardized electronarcosis technic an electronic instrument is used 
This delivers a 60 cycle alternating current, which automatically compensates 
for moderate changes in resistance of the patient’s circuit A current of 160 to 
250 milliamperes is applied through electrodes placed bitemporally (in terms of 
cerebral topography, bifrontally) The current is maintained at the initial level 
for thirty seconds, during which the patient has a tonic spasm, at the end of 
thirty seconds the current is decreased to 60 or 75 milliamperes, and at this time 
the patient usually shows a few mild clonic contractions After sixty to seventy- 
five seconds the current is raised gradually at the rate of 5 milliamperes every 
fifteen seconds, to a maximum of 125 milliamperes at the end of five minutes For 
reasons of standardization the treatment is usually terminated at the end of seven 
minutes 

The authors compared the cardiovascular responses, respiration, autonomic 
responses, ocular reflexes, tonic reflexes, pathologic reflexes and certain other 
abnormal neurologic signs in 50 patients seen during electronarcosis with those 
in 50 patients treated with electroshock and with those in 4 patients treated with 
a 200 milhampere current for thirty seconds 

In all three groups there was an initial cardiac arrest, lasting from three to 
seven seconds Tachycardia began m electroshock after twenty seconds and 
returned to normal in a few minutes In long-continued electroshock and in 
electronarcosis it began after thirty seconds and lasted throughout the shock, 
continuing at times for fifteen to twenty minutes 

In standard electroshock and in long-continued electroshock the blood pressure 
rose and returned to normal in three seconds In electronarcosis the blood pressure 
returned to a level of 140 to 160 systolic and 90 to 110 diastolic during the first 
sixty seconds It then began to climb, reaching levels of 170 to 220 systolic and 
100 to 120 diastolic, where it remained untill the current was cut 

In electronarcosis deep respirations continued for the duration of the treatment 
and maintained their depth and rhythmicity In electroshock the respirations 
became more and more shallow during the first five to seven minutes after the 
current was stopped In electronarcosis respiratory stridor occurred as the cur- 
rent was increased 


With all types of treatment autonomic flushing of the skin and pilomotor 
reactions occurred, but pilomotor contractions existed throughout the electro- 
narcosis treatment Sweating was more common with electronarcosis In electro- 
shock pupillary reflex to light was present, but in electronarcosis the pupils 
became miotic and remained fixed to light throughout the treatment 


In electronarcosis prolonged flexor tone and forced grasping were observed 
These occur during deep insulin coma but are not present m electroshock 

The authors conclude that although electronarcosis has been used as an 
anesthetic agent for animals in its present status it is not practical as an 
anesthetic device for human beings 


Pearson, Philadelphia 


War Neuroses Psychiatric Experiences and Management on a Pacific 
Island Meyer A Zeligs, War Med 6 166 (Sept ) 1944 

In the new type of interisland warfare that was waged in the Pacific, fatigue, 
disturbed sleep, exposure to repeated noise or blast concussion and harassment 
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by the enemy are the common factors which contribute to the ultimate breakdown 
of previously stable persons when they are placed in a combat area When to these 
are added the factors of geographic isolation, confinement to a small area, humid 
climate, lack of recreational facilities, no opportunity for leave and inability to 
retaliate or to unleash emotionally aggressive drives, there will be an increasing 
number of cases of neurosis 

Because of the locale and the particular factors involved, indications for 
evacuation of patients suffering from neurosis will differ from those which obtain 
in large scale land operations Periods of duty in such theaters must necessarily 
be lessened, and rotation of personnel to different stations within the same area 
should be made possible if the incidence of operational fatigue and war neurosis is 
to be kept low Effective psychotherapy of patients m the field is at best a 
difficult, and oft'en a futile, procedure The disheartening fact that less than 10 
per cent of patients m this group improved when retained m the combat area 
forms the basis for this belief From this limited experience it follows that 
prompt evacuation to a secure area constitutes one of the first essential steps in 
the treatment of such casualties What the further disposition should be will 
depend to a great extent on the age, symptoms and response to early treatment 
In general, persons who are older, niarned and with children will benefit more 
by return to their families, while the younger, more dependent, ones may be better 
rehabilitated away from home Pearson, Philadelphia 


A Psychometric Study of Senility H Halstead, J Ment Sc 89 363 (July- 
Oct) 1943 

Halstead describes a tentative battery of twenty-five short tests for the measure- 
ment of senescence The functions tested included the “primary mental abilities” 
— ^verbal comprehension, word fluency, space, number factor, memorizing and induc- 
tion or reasoning The scale was the result of the application of nearly eighty 
tests to senile patients The tests were classified into three groups according to 
the degree of difficulty experienced by the senile subjects The most difficult tests 
were those in which the subjects were required to break away from old mental 
habits and to adapt to unfamiliar situations — ^tests of recent memory (logical) , of 
judgment, planning and reasoning, and tests embodying difficult or lengthy instruc- 
tions Less difficulty was found witli such tests as rote memory, fluency of asso- 
ciations, simple arithmetic and vocabulary Performance was least affected on 
tests of visual recognition, old mental habits and simple motor tasks 

The tests for senility should be short because of straying attention, impaired 
comprehension and short retention Perseveration is greatly increased in 
senescence There was loss of steadiness and speed on the motor side 

The present mental status of the patients was estimated on the basis of eleven 
tests scored on the mental age method, the average mental age was between 10 
and 11 An estimate of the former mental status of each patient was made by 
means of efficiency quotients on part of the Bellevue scale A table comparing the 
present and the former mental status is shown Katz Boston 


Psychosomatic Casualties in the Middle East Alfred Torrie, Lancet 1 139 
(Jan 29) 1944 

Torrie discusses 2,500 patients treated in a psychiatric base hospital in North 
Africa during the retreat from El Alamein and the advance from there to Tnpoli- 
tania He says he uses “the term psychosomatic deliberately in place of psychiatric 
and in a wider sense than is usual to emphasize body-mind unity” The diag- 
noses, m their order of frequency, were anxiety neurosis, hysteria, psychopathic 
personality, endogenous depression, mental dulness, schizophrenia, organic states, 
paranoid states, reactive depression, neurasthenia, physical exhaustion, mania and 
obsessive-compulsive neurosis The organic states were those the mental symp- 
toms of which were secondary to or caused by a physical disability 
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A higher proportion of casualties was found in “units with little cooperative 
life, such as small teams of drivers in the lines of communication” Married 
men showed a higher rate than single men The author believes that irregular 
mail from home helps to make matters worse The outstanding precipitating 
factor was an explosive battle episode Change from a unit with good morale to 
one with lack of faith in the leader was an important factor also 

Of the first 1,201 patients discharged from the neurosis division, 51 6 per cent 
returned to full duty and 35 5 per cent to duty outside the battle area Of 
these, 1,000 had anxiety neuroses and hysteria Only 6 men had obsessional 
neuroses The neuroses last mentioned, Tome says, “are rarer than in civil 
practice because there is lessened guilt over unconscious aggressive impulses, 
these being sanctioned and indeed encouraged during wartime” Among these 
1,000 patients headache was the prevalent symptom It may have been physiologic 
at first, but later it became the mam preoccupation Anxiety, ranging from 
apprehension and fear to terror and panic, and tremors or tremulousness were 
next most common It was often wise to have patients complaining of sleepless- 
ness awakened now and again to shovV them that they slept well 

Of the 1,000 men with anxiety neuroses and hysteria, few had actual con- 
version hysteria, and 92 were subjected to rapid psychoanalysis The mam 
etiologic factor elicited was separation anxiety In most cases a prototype for 
the adult reaction was found m the childhood history 

A ward environment was aimed at m which the soldier was surrounded by 
influences formerly lacking in his family situation, so that he could work out 
with the physician his conflict over aggression “In treatment the purpose was 
to remove symptoms and bring the soldier back to his condition before illness 
and to remove, if possible, the underlying cause” Hypnosis, ordinary or chemical, 
helped to remove symptoms but was not so valuable in securing insight for the 
patient as for the physician Prolorged narcosis, chiefly induced with diethyl- 
diallybarbiturate of diethylamine (sommfame), was given to the patients with the 
severer illnesses, who were too acutely ill for other than physical approach 
Of the 174 such patients, 30 to 40 per cent returned to full duty Insulin and 
analeptic drugs and electric shock were used with good effect in some cases, 
and when indicated placebos were used in other cases 

The patients were discussed with the sister each morning, and her part as 
the “good mother” in charge of the ward was felt to be very important Patients 
who did not show a recovery trend, and patients with conversion hysteria were 
felt to have a bad influence on other patients The author believes a definite 
date of discharge should be given if possible, for it accelerates recovery in most 
patients, although it makes a few worse and thus indicates need for further 
treatment 

Psychotherapeutic interviews were given groups of 12 men at intervals Hypo- 
thetic situations similar to their own personal difficulties were used, and after- 
ward comments were encouraged from all Group spirit was found to be poor 
at first After the discussion each patient went to his daily job in the camp 
which he had chosen from a group of some twenty occupations It was found 
that in occupahonal therapy the man in charge was more important than the 
materials used 

No illusions were held as to the chances of recurrence in the men Patients 
treated with psychotherapy stayed on an average of eighteen and one-tenth days 
The author believes that civilian hospitals might benefit by making sure that 
neurotic patients up and about are actively employed 

McCarter, Philadelphia 

Accibents in Shock Therapy Celso Pereira da Silva and Paulo Ferreira 
BE Barros, Arq assist psicopat estad Sao Paulo 9 107 (March-June) 1944 

The authors report the occurrence of 16 accidents involving the bones and 
joints among 1,843 patients given shock therapy, 1,500 received metrazol shock 
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and 343 electric shock therapy Three patients sustained fractures of the neck of 
both femurs, 2, unilateral fracture of the femur, 1, a fracture of the horizontal 
ramus of the os pubis, and 1, a fracture of the neck of the humerus, 1 had a 
comminuted fracture of the neck of the humerus with dislocation of the shoulder 
on the same side, 1 each, fracture of the clavicle, scapula and acromion process, 
4, fractures of three or four dorsal vertebrae, and 1, a dislocation of the shoulder 
Of these 16 patients with complicating accidents, 4 had hebephrenic schizophrenia, 
1 the hebephrenocatatonic type and 1 the hebephrenoparanoid type , 1 had paranoid, 
1 catatonic and 2 unclassified forms of schizophrenia , 2 had paraphrenia , 1 mental 
deficiency with a psychotic episode, and 1, hysteroepilepsy In 5 patients the 
injury occurred during the first treatment, in 5 others, during the second treat- 
ment, m 1, during the third treatment, m 2, during the fourth treatment, and m 
2, during the fifth treatment There were 13 complications among 1,500 patients 
treated with metrazol (0 86 per cent), and 3, among 343 patients treated with 
electric shock therapy (0 87 per cent) The youngest of the 16 patients was 21 
years of age and the oldest 55 , most of the patients were between 32 and 39 years 
old Age did not seem to be a factor in the complications The authors found 
no roentgenologic evidence of disease of the bone or of defective bone structure 
to indicate a predisposition to the complications The duration of the illness of 
the patients treated also was not considered a significant factor The authors 
believe that the type of restraint during treatment may have played a role They 
do not, however, present any convincing statistics Except for the bilateral frac- 
tures of the femurs, the prognoses for the skeletal complications were good 

Savitsky, New York 

Memnges and Blood Vessels 

Cerebellar, Dyskinetic and Alternating Sensory Syndromes Caused by 
Aneurysm in the Region of the Pons Vicente Dimitri and Julio 

Aranovich, Rev neurol de Buenos Aires 9 295 (Oct -Dec) 1944 

« 

The authors report the third case of aneurysm of the superior cerebellar artery 
to be recorded Bristowe reported a case m 1858 and MacSwmey a case in 1875 
A 30 year old farm laborer was admitted to the hospital five years after 
receiving a bullet wound, a bullet entered the region of the right ear and 
emerged from the left preauncular region A few months later a sympathectomy 
was done for relief of exophthalmos on the right side Diplopia and external 
strabismus of the right eye persisted Four years after the injury the patient 
began to complain of dizziness and paresthesias on the left side of the body, with 
increasing difficulty in walking Examination one year after admission showed 
bilateral exophthalmos, more prominent on the right side, paralysis of the right 
external rectus muscle, nystagmus, amsocoria, with sluggish reactions to light 
on both sides, and atrophy of both optic nerves with retinal hemorrhages There 
was marked diminution of visual acuity, which rapidly progressed to blindness 
Weakness of the lower left side of the face and nasal dysarthria were also noted 
The patient exhibited choreiform movements of both sides of the body while 
sitting Tremors of the head and then of other parts of the body appeared 
especially with any kind of effort, such as talking or moving the head forward 
The movements usually began m the head, extending to the rest of the body and 
ending m a series of violent contractions of the entire body They were usually 
followed by a variable period of relative freedom from tremors The slightest 
movement brought on similar dyskinetic phenomena The patient was able to 
he quietly on his back with the upper limbs semiflexed, his hands on his abdomen 
and the lower limbs in extension On his attempting to change his position, the 
abnormal movements just described appeared Pronounced dystonia was noted 
m all four limbs with passive movements, hypotonia alternating with fleeting 
increase m tonus Passive movements of the joints and of the head also resulted 



464 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


m coarse tremor There were weakness and exaggeration of the tendon reflexes 
on the left side, and the abdominal and cremasteric reflexes were diminished, with 
a bilateral Babmski sign There were bilateral marked cerebellar signs (dysmetria, 
heel to knee and finger to nose ataxia and adiadokokinesis), an alternating sensory 
syndrome on the right side of the face and left side of the body with a syringo- 
myelic type of dissociation, left astereognosis and complete blindness due to 
secondary optic atrophy The spinal fluid pressure was 70 (Claude), the albumin 
40 mg, with 4 lymphocytes m the fluid The patient died seven years after the 
onset of illness 

A large tumor was observed lying at the base of the brain, compressing the 
right side of the brain stem and extending rostrally from the level of the ponto- 
bulbar junction caudally to the bulbocerebellar angle In its widest part it 
measured 5 3 cm , the maximum anteroposterior dimension was 3 4 cm The 
tumor w'as connected wnth the right superior cerebellar artery There was dis- 
placement of the brain stem to the left, with extensive destruction of the right 
side of the base of the pons Microscopic examination showed that the tumor 
w’as an aneurysm Fragmentation of the media of the aneurysm with accumula- 
tion of iron pigment was considered evidence of trauma Softenings were 
observed in the white matter of the right temporal lobe and in the right quadri- 
lateral lobe There were destruction of the greater part of the right middle 
peduncle, the honiolateral restiform body, the right descending root of the fifth 
cranial nerve and the right spinocerebellar pathways and atrophy of the olives 
The red nucleus w'as intact The function of the medial fillet w'as apparently 
impaired by compression There was also evidence of increased intracranial 
pressure, as seen m flattening of the convolutions and dilatation of the ventricles, 
probably due to closure of the aqueduct 

The unusual dyskinetic syndrome w'as considered a result of involvement of 
afferent and inhibition of efferent cerebellar pathways 

Savitsky, New York 


Diseases of the Brain 

Migraine Headache Some Clinical Observations on the Vascular Mech- 
anism AND Its Controi Miles Atkinson, Ann Int Med 21 990 (Dec) 
1944 

Atkinson reports his observations on 21 patients with uncomplicated migraine 
w'ho were follow'ed over periods varying from six months to two years Each 
patient was subjected to an intradermal test with histamine Negative results were 
reported for each patient According to Atkinson, these observations indicate 
that “no case owmed a primary vasodilator mechanism, that every one of the 21 
cases of typical uncomplicated migraine owned a primary vasoconstrictor 
mechanism ” 

Atkinson administers nicotinic acid, for its vasodilator action, to migrainous 
patients The regimen is as follows From 25 to 30 mg is injected intramuscu- 
larly in order to determine, by the extent of the flush reaction, the individual 
tolerance of the patient From this reaction subsequent doses may be estimated, 
and a series of six to eight intravenous injections is given, starting with 20 to 
30 mg and increasing by daily increments of 5 mg up to 50 mg or such lower 
limits of tolerance as may be determined A dose higher than 50 mg is seldom 
required After the course of intravenous injections the patient is taught to give 
himself intramuscular injections of such doses (25 to 50 mg ) and at such intervals 
(daily or three per w'eek) as experience and the severity of the symptoms indicate 
At the same time the drug is given in tablet form (50 to 150 mg daily) After a 
period, which is determined by the clinical response to treatment, the patient is 
weaned from the injections and kept on a maintenance dose given by mouth A 
high protein-low carbohydrate diet is recommended and advice given as to rest and 
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exercise and the beneficial effects on the vasomotor system of alternating warm 
and cool showers Smoking is discountenanced and, when possible, stopped, on 
the grounds that migraine is a peripheral vascular disorder 

The results of this treatment weic as follows complete telief in 2 patients 
(followed over periods of four and six months) , great improvement in 10 patients 
and moderate improvement m^S patients The treatment failed to relieve 4 patients 
Atkinson discusses the mechanism of the migraine syndrome Migraine may 
be due to more than one cause “It may be the result of such diverse conditions 
as vasospasm, allergy, exudative diathesis or endocrine disturbance” 

The rationale for the use of nicotinic acid is die pioduction of vasodilatation 
and thus an attack on the primary vasoconstriction which occurs prior to the onset 
of the headache Guttman, Philadelphia 

Electroencephalograpiiic Findings During and After Acute Encephalitis 

AND Meningoencephalitis Ira S Ross, J Neiv & Ment Dis 102 172 

(Aug) 1945 

Ross investigated the electroencephalograpiiic activity in 4 children duiing 
and after the acute stages of encephalitis Gross disturbances were found in each 
patient The abnormalities were generalized and consisted of slow, bilaterally 
synchronous waves of enlarged amplitude The records were nonspecific, and the 
degree of the electroencephalograpiiic disturbances was sometimes out of propor- 
tion to the mildness of the clinical symptoms The disturbances in electrical 
activity of the brain may outlast the acute phase of the inflammatory process and 
in some cases may simulate the dysrhythmia associated with convulsive disorder, 
as well as the changes found in patients suffering from tumor of the brain 

Chodofe, Langley Field, Va 

The Syndrome of the Posterior Inferior Cerebellar Artery Resulting from 
A Metastatic Neoplasm Charles Davison and Leo A Spiegel, J Neuro- 
path & Exper Neurol 4 172 (April) 1945 

Davison and Spiegel report their observations on 2 patients who presented 
neurologic evidence of the syndrome of the posterior inferior cerebellar artery 
Both patients had primary carcinoma of the lung 

In the first case, the mental changes, which consisted of mood swings from 
naivete and coyness to anger and aphasia, and signs referable to the pyramidal 
tract, which were more evident on tlie right side, were undoubtedly caused by a 
neoplasm in the left cerebral hemisphere The Horner syndrome of the right, 
the sensory disturbances of the right side of the face and the contralateral sensory 
disturbances of the body, together with paralysis of the right side of the palate 
and uvula, were the result of a tumor which had metastasized to the lateral side 
of the medulla oblongata along the distribution of the posterior inferior cerebellar 
artery In this case cerebellar signs could not be detected Their absence remains 
unexplained, unless the signs of involvement of the pyramidal tract on that side 
interfered with the proper elicitation of indications of cerebellar involvement 
There are occasional instances of occlusion of the posterior inferior cerebellar 
artery without cerebellar signs In the present case the restiforme body was only 
slightly involved The bilateral signs of damage to the pyramidal tract were 
readily explained by the lesion in the left cerebral hemisphere and that in the right 
cerebral peduncle The sensory disturbances over the body below the ninth 
thoracic segment were best explained by the probability that not all the spino- 
thalamic fibers were destroyed The tumor cells in this case, and possibly in the 
second case as well, migrated from the lung by the blood stream and reached the 
posterior inferior cerebellar artery by way of the right vertebral artery, of which 
the former is a branch The posterior inferior cerebellar artery may also take its 
origin from the basilar artery 
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In the second case the clinical syndrome of the posterior inferior cerebellar 
artery was clearcut The patient had cerebellar signs, which were lacking in the 
first case It is believed that the dorsolateral part of the right side of the medulla 
oblongata was involved in this instance No necropsy observations were available 

Guttman, Philadelphia 

Military Aspects of Narcolepsy Max Levin, War Med 6 162 (Sept) 1944 

Twenty-five soldiers discovered asleep on post as sentinel were found to fall 
into three groups 4 rebellious psychopathic men, who fell asleep intentionally , 19 
good soldiers, who fell asleep because they more or less “carelessly” had failed to 
get enough sleep before going on post, and 2 men suffering from narcolepsy 

The military significance of narcolepsy is not limited to the fact that it is 
responsible for an occasional sentinel’s falling asleep There are other situations 
facing the soldier which appear to favor morbid sleep These situations are com- 
parable to the conditions which give rise to “inhibition” in the Pavlov experiments, 
and the tendency of men with narcolepsy (manifest or latent) to fall asleep m 
these situations supports the hypothesis that narcolepsy arises from undue “inhibita- 
bihty” (susceptibility to inhibition) of cerebral cells Pearson, Philadelphia 

Intracranial Aneurysm of the Internal Carotid Artery Jose M Mainetti 
and Hugo R Orlandi, Rev med d Hosp ital de La Plata 1 19 (Oct -Dec) 
1944 

Mainetti and Orlafldi report the case of a woman aged 65 whose illness had 
begun a year prior to her admission with headaches, diplopia on right lateral gaze 
and dizziness She continued ro have recurrent severe pain around the right eye 
Twenty-five days prior to admission to the hospital she was awakened by severe 
pain around the right eye, followed by headache and vomiting Complete drooping 
of the right lid occurred at the same time On admission, she also had dizziness, 
vomiting, a tendency to fall to either side while walking, hyperacusis and some 
difficulty with chewing On examination, there were diminution of pain, touch and 
temperature sensations in the first division of the right fifth nerve, anesthesia of 
the right cornea, complete ptosis of the right eyelid and external and internal 
ophthalmoplegia on the right side There were also definite involvement of the 
motor portion of the right cranial nerve, diminution of smell on the right side, 
dimmution of pain in the anterior third of the right side of the tongue and laby- 
rinthine hyperexcitability The blood pressure was 190 systolic and 100 diastolic 
The Wassermann reaction of the blood was negative Examination of the spinal 
fluid showed a normal condition An air encephalogram showed a mass pushing 
up the temporal horn of the lateral ventricle on the right and some displacement 
of the third ventricle The preoperative diagnosis was neoplasm of the posterior 
fossa, probably in one of the cerebellopontile angles No tumor was observed at 
operation At autopsy an aneurysm of the intracranial portion of the right internal 
carotid artery was disclosed Histologic studies of the aneurysm showed it to be of 
arteriosclerotic origin There was no intracarotid injection of a contrast medium 

Savitsky, New York 

Relation of Trauma to Juvenile Dementia Paralytica Clinicopathologic 
AND Medicolegal Study Jos6 Pereyra Kafer, Rev neurol de Buenos 
Aires 9 117 (April-June) 1944 

Pereyra Kafer reports the case of a 12 year old boy, who was admitted to the 
hospital on May 18, 1937 and died Oct 20, 1937 The father was alcoholic There 
was no history of venereal disease The patient began to talk at 1 year and to 
walk at 18 months of age There was a definite history of retardation in school, 
his behavior was otherwise normal The boy was able to shop in the neighborhood 
and to play, although he was nervous and at times difficult to manage On June 6, 
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1935, when 10 years old, he was struck by a truck while crossing the street There 
was a short period of unconsciousness, he sustained a small contusion in the left 
frontal region, an abrasion over the nose, a fracture in the middle third of the 
right tibia and a hematoma of the left eyelid In four months he w'as entirely 
well and had no complaints 

In February 1937, about twenty months after the accident, he showed increased 
irritability, with progressively defective attention, pronounced alterations in con- 
duct, disobedience, aggressiveness and impairment of speech There was also 
gradual weakness of the left extremities Two months later, in April 1937, he 
became incontinent The pupils were unequal and fixed to light, there was weak- 
ness of the left side of the face, and spastic hemiplegia and hyperreflexia on the 
left side The course was progressively downhill, and the patient died on October 
20 The spinal fluid contained 18 lymphocytes per cubic millimeter and gave a 
3 plus Pandy and a 3 plus Wassermann reaction The Wassermann reaction of 
the blood was positive Autopsy revealed the typical changes of dementia para- 
lytica, with multiple scars in the convexity of the occipital lobes and m the base 
of the left frontal lobe, unquestionably of traumatic nature 

Although bridging symptoms were absent and the concussion was not very 
severe, the presence of the multiple traumatic scars makes it impossible to ignore 
the probable etiologic role of the head trauma, sustained two years before the 
onset of the dementia paralytica Such traumatic scars can be present without 
clinical signs or symptoms They create a locus minoris resistentiae in the brain 

Savitsky, New York 

Sturge-Weber-Dimitri Disease [Nevoid Amentia] J Bebin, Rev de neuro- 
psiquiat 7 432, 1944 

Bebm states that Dimitri described the disease in 1923 independently of Weber, 

who recorded his case m 1922 Nussey and Miller collected 139 cases of the 

disease in 1939 The chmeal picture of Sturge-Weber-Dimitn disease consists 

in facial nevi, glaucoma and signs of cerebral disease Roentgenologic evidence 

of intracerebral calcification is usually present Calcification may be within the 

brain substance or in the walls of the vessels, which are enlarged and thickened 

The changes are most pronounced in the occipital lobes The author reports 

5 cases, without pathologic studies In 1 case the nevus involved the distribution 

of the entire left trigeminal nerve, in another, only the distribution of the third 

division, and in 2 others, the area of the upper two divisions In 1 case there 

was a small angioma near the angle of the mouth All 5 patients had epilepsy 

and 2 gave a history of attacks of migraine One had distal hemiatrophy of the 

left extremities, with hyperreflexia and a Babinski sign on that side 'Two of the 

5 patients had glaucoma Only 1 patient showed intracranial calcification None 

of the patients was treated surgically r- -kt ' -r i 

Savitsky, New York 

Epithelioma of the Choroid Plexus of the Fourth Ventricle Julio 
Espinoza, Ruben Perino and H Vilches, Rev de psiquiat y disc conexas 
9 100, 1944 

The authors report a verified case of epithelioma of the choroid plexus of the 
fourth ventricle in a 12 year old boy The child was admitted with a history of 
persistently severe headaches for seven months Vomiting with accompanying 
exacerbations of headache, dizziness, bilateral tinnitus and diminution of vision 
had been present for a month Examination showed diminished vision, bilateral 
papilledema, weakness of the right side of the face of mimetic type, cerebellar 
gait with dysmetria, impaired respoiise to the Barary test on the right side and 
counterclockwise nystagmus Roentgenograms of the skull showed separation of 
sutures, erosion of the anterior chnoid processes and displacement and calcification 
of the pineal gland Ventnculographic examination showed symmetrically dilated 
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lateral ventricles and dilatation of the aqueduct of Sylvius and of the fourth ven- 
tricle, which was pushed upward 

An epithelioma arising from the choroid plevus of the fourth ventricle was 
successfully removed The patient did well except for transitory diminution of 
hearing and persistence of cerebellar signs two months after the operation Vision 
improved Savitsky, New York 

Cortical Deafness J Lemoyne, Ann d’oto-larjng 10 133 (Oct -Dec) 1944 

Lemoyne says that the auditory tract is only partially crossed and that a 
unilateral temporal lesion does not impair hearing The auditory tract has two 
relays and comprises three neurons The first neuron runs from Corti’s ganglion 
to the bulbar nuclei , this is the cochlear nerve The second neuron, or the bulbo- 
diencephalic neuron, runs from the dorsal and ventral bulbar nuclei to the internal 
geniculate body In this second segment the auditory tact is partly crossed The 
crossed bundle comprises a superficial part (acoustic striae of the fourth ventricle) 
and a deep part, which at the level of the corpus trapezoideum constitutes the 
chief intercrossing of the auditory tract The third neuron, the auditory radiations, 
runs from the internal geniculate body to the transverse temporal convolution, 
which comprises the center of the cortical projection of the auditory tract This 
segment of the auditory tract assumes a special importance in the study of cortical 
deafness The author presents the history of a patient with two associated types 
of disturbances (1) severe bilateral hypacusia with dissociation of air and bone 
perception, (2) psychic deafness with total agnosia and disturbances of Wernicke’s 
aphasia He discusses the existence of cortical deafness and the differentiation of 
cortical deafness and bilateral labyrinthine deafness The requirement of lesions 
involving the two transverse temporal convolutions explains the rarity of cortical 
deafness A right temporal lesion has no effect, a left temporal lesion either has 
no effect or causes Wernicke’s apnasia, in cases of bilateral temporal lesions 
either aphasia is evident or cortical deafness can pass unobserved and requires 
systematic investigations with the audiometer, or cortical deafness dominates but 
gives the impression of a labyrinthine deafness JAMA 

Diseases of the Spinal Cord 


Poliomyelitis and Recent Tonsillectomt 
(July) 1945 


J A Anderson, J Pediat 27 68 


In 1943 Utah experienced the most severe epidemic of poliomyelitis in its 
history and had more cases per capita of population than any other state Because 
of limited facilities for treatment of 'contagious diseases, only those patients were 
hospitalized who were reported by the local physician to have bulbar or respiratory 
involvement, to the exclusion of the patients with spinal involvement This 
resulted in the admission of practically all the patients with clinically recognizable 
bulbar and respiratory forms Of a total of 400 patients, 136 were hospitalized 
The frequency wuth which a history of recent tonsillectomy was encountered m 
cases of the bulbar or bulbospinal type was the reason that a questionnaire was 
sent to 334 physicians in the state requesting the following information (1) the 
number of tonsillectomies on children between 3 and 16 years of age done by them 
in July, August and September 1943 , (2) the number of cases of poliomyelitis 
following recent tonsillectomy in these three months, (3) the age, sex and name 
of the child, (4) .the interval between operation and the onset of symptoms, (5) 
the doctor s name, if he wished, or (6) the county in ivhich he practiced It was 
observed that 43 per cent of the cases of the bulbar and bulbospinal type were 
preceded by a tonsillectomy within thirty days of the onset The incidence of 
poliomyelitis in recently tonsillectomized children w'as found to be 2 6 times as 
great as that in the general child population The incidence of the bulbar and 
bulbospinal type of poliomyelitis was found to be sixteen times as great m recently 
tonsillectomized children as in the general child population JAMA 
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Dermatologic Aspects of Poliomtelitis J G Petes, New York State J Med 
45 1673 (Aug 1) 1945 

During the recent poliomyelitis epidemic in New York city, Reyes observed 
84 children, tlieir ages varying from infancy to 14 years, admitted to St Francis 
Hospital with the diagnosis of poliomyelitis The disease was more common in 
boys than in girls, the ratio being 5 to 1 In 98 per cent of the children lesions 
were located on both infrapatellar areas, on the anterior and lateral aspects of 
both ankle joints, on the dorsa of both feet, on both soles and on the malleoli 
The lesions were symmetric and were typically those of hyperkeratmization in the 
form of plaques, small papules or slightly verrucous elevations, with roughness 
and dryness of the skin of the legs Lesions of these types and forms are encoun- 
tered m cases of vitamin A deficiency Their abundance seemed to be proportional 
to the severity of the poliomyelitic involvement, their prominence disappearing 
with the abatement of the disease Among the children who were admitted for 
other lesions, only 1 in 8 had such cutaneous manifestations From the extremely 
high incidence of these lesions of the skin in cases of poliomyelitis, Reyes deduces 
that vitamin A deficiency may be a predisposing factor of poliomyelitis He 
advises that a diet rich in vitamin A should be given to all children, especially 
during the periods of epidemics, and this diet should be supplemented with cod 
liver oil or its concentrates Since vitamin A deficiency will produce keratinization 
of the epithelium of the skin and the mucous membranes of the internal systems, 
it is possible that these structures which have been affected by the keratinizing 
metaplasia are open doors for the entrance of the poliomyelitis virus into the 
human body It should be investigated whether the administration of vitamin A, 
either by mouth or parenterally, is of value in the treatment of poliomyelitis 

JAMA 


Syndrome of Amyotrophic Lateral Sclerosis Caused by Cervical “Hour- 
glass Tumor” T de Lehoczky and L Piri, Confinia neurol 6 71, 1944 


De Lehoczky and Pin report the case of a neurogenous, epidural and para- 
vertebral tumor in a boy aged 16 years Two years prior to admission the boy 
had experienced pain in the neck and, later, pain in the left hand, with increasing 
weakness and paresthesia in the left arm and in the right leg On admission, neither 
pain nor paresthesia w'as present, but the patient’s strength was diminished 
and his muscles were atrophic There was an egg-sized tumor in the left 
supraclavicular fossa, wdiich could be traced to the left transverse process of the 
sixth and seventh cervical vertebrae The sixth cervical intravertebral foramen 
w'as enlarged on the left side The tumor, 9 5 cm in length and 3 7 cm in width, 
w'ps removed in one piece through cervical approach without resort to laminectomy 
On microscopic examination the tumor proved to be a typical neurilemmoma. 
It IS suggested that the hourglass tumor gave rise to the symptoms by pressure 
of Its mtraspinal prolongation on the ventral part of the cord, the anterior 
pyramidal tract and the anterior gray horn cells The removal of the tumor 


was followed by rapid improvement in the severe paralytic syndrome This 

may be explained because of the epidural location of the mtraspinal part of 

the tumor t a nr a 

JAMA 


Heine-Medin Disease in the^Adult Carlos Fonso Gandolfo, Humberto R. 
Rugiero, Carlos Crivellari and Leon Charoskt, Prensa med argent. 
31-1569 (Aug 16) 1944 

Otlier investigators of poliomyelitis have emphasized the rarity of its occurrence 
m adults The authors report 48 of 150 cases in patients over 14 years of age. 
Racial status, profession, sex and family history seemed to play no role in account- 
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mg for the appearance of the disease The clinical picture differed in no way from 
that encountered in young patients, the spinal fluid findings were also the same 
The authors did not note polynucleosis in the early stages of the disease, as reported 
by others Savitsky, New York 

Spontaneous Subarachnoid Hemorrhage with Paraplegia Following Intra- 
thecal Treatment with Sulfapyridine Juan J Lazarte, Rev de neuro- 
psiquiat 7 35S, 1944 

A half-breed chauffeur, aged 25, suddenly became dizzy and experienced severe 
pain m the back of the neck He was able to drive his car home, though his 
vision became blurred He lost consciousness soon after reaching home On 
admission to the hospital, he had a stiff neck and other signs of meningeal irrita- 
tion Spinal puncture showed a bloody spinal fluid At the time of puncture 2 Gm 
of sodium sulfapyndme dissolved m 5 cc of water was injected mtrathecally 
During the injection there were fleeting, repeated flexion movements of the trunk 
and tremulousness of the lower limbs Neurologic examination on the second day 
showed extreme weakness of both lower limbs , there was absence of tactile sensa- 
tion below tbe fourth dorsal segment, of pain sense below' the third lumbar segment 
and of temperature sense below' the tenth dorsal segment, deep sensibility w'as 
absent m the lower limbs, the knee and ankle jerks could not be obtained, there 
was urinary and rectal incontinence, and the cranial nerves and fundi w'ere normal 
The Kahn reactions of the blood and the spinal fluid w'ere mildly positive 

The meningeal signs gradually disappeared On July 12 examination sliowed 
notable improvement in motor pow'er m the right leg , the sensory changes in this 
leg were gone, on the left there was diminution of sensation below' the fourth 
lumbar dermatome, the sphincter disturbances persisted, there was still tendon 
areflexia and the spinal fluid w'as clear 

The author believes that the changes m the spinal cord w'ere due to the intra- 
thecal injection of sulfapyndme Savitsky, New York 


Peripheral and Cranial Nerves 


Injuries to the Peripheral Nervous System Howard C Naffziger, J Nen' 
& Ment Dis 101 453 (May) 1945 


Failure of functional regeneration of divided nerves depends on many factors 
including the nature of the nerve (regeneration of nerves of a purely motor or 
sensory tvpe being better than mixed nerves), the condition of the muscles 
innenated, the nature of the injury (traction injuries offering a poorer prognosis) 
the presence or absence of infection and the site of duision of the nerve Injuries 
near the origin of long nerves require a long time for regeneration Both experi- 
mental and clinical expeiience support the idea that suture after mjurj affords the 
best results provided the wound is clean and free from sepsis These conditions 
are not usually met m cases of wartime wounds, so that delayed suture is often 
necessary Suture can and should be performed, however, w'lthm tw'O or three 
Aveeks of healing of the wound In cases of nerve concussion and partial nerve 
lesions operative intervention may or may not be required, depending on the degree 
of improvement and the presence or absence of foreign bodies and persistent pain 


In order to provide the best possible care for victims of peripheral nerve 
injuries, Naffziger suggests that Army neurosurgical centers caring for patients 
with such injuries be placed near medical schools, so that experienced civilian 
neurosurgeons may collaborate in the treatment and opportunities for research 


may not be lost 


Chodoff, Langley Field, Va 
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Effect of Sulfonamide Drugs on Experimental Gunshot Wounds or 

Peripheral Nerves Lo\al Davis, George Ferret and Walter Carroll, 
War Med 6 228 (Oct ) 1944 

The incidence of infection m wounds repaired twenty-foui to forty-eight hours 
after injury was reduced from 83 3 per cent, in 6 animals, to 22 5 per cent, in 
40 animals, when sulfathiazole jelly was introduced into the wound immediately 
after its receipt and a sulfonamide drug was powdered into the wound at the 
time of debridement 

No conclusive evidence was found that regeneration of nerve fibers, formation 
of axis-cylinders, myehnation or absorption of decomposition products of myelin 
was changed with the use of the sulfonamide drugs The deviation and abnormal 
distribution of regenerating nerve fibers w'ere observed regardless of whether a 
strong mesodermal suture reaction or an epineural reaction was traumatic, infec- 
tious or caused by irritation from the sulfonamide drugs The compounds did not 
interfere w’lth the neurotization of autogenous or homogenous grafts or with the 
distal segment How'ever, m the series of animals receiving homogenous grafts 
a heteromorphous neurotization of the graft was found in all the animals treated 
wnth sulfonamide compounds, w’hereas similar grafts in untreated animals showed 
in all instances some degree of isomorphous neurotization 

The authors feel sure that if sulfathiazole jelly were introduced into extensive 
soft tissue w'ounds at the time of their receipt, so that all the ramifications of the 
w’ound were reached by the jelly, it would be possible to repair divided peripheral 
nerves at the time the soldier reaches a hospital where the w'ound could be care- 
fully cleansed, trimmed surgically and sulfonamide drugs powdered into the wound 
This would permit the repair of injuries of peripheral nerves at the earliest 
possible moment consistent with the best surgical treatment of fractures or other 
accompanying injuries Pearson, Philadelphia 

Three Types of Nerve Injury H J Seddon, Brain 66 237, 1943 

Seddon classifies peripheral nerve injuries as three types (1) neurotmesis, in 
which all essential structures of the nerve have been severed, (2) axonotmesis, in 
which the axons are so severely damaged that complete peripheral degeneration 
occurs, while the supporting structures of the nerve remain intact, and (3) neura- 
praxia, in which paralysis occurs in the absence of peripheral degeneration The 
morphologic changes associated with neurotmesis and axonotmesis are understood, 
w'hile those accompanying neurapraxia are unknown These types of damage to 
the peripheral nerve may result from a variety of injuries, and the same trauma 
may produce more than one type of injury The author studied 650 cases of 
peripheral nerve injury Of this group, neurotmesis occurred in 113 Retrograde 
degeneration occurred in the central portion of the nerve and extended a distance 
of 1 to 2 cm Axonal regeneration began almost immediately at the central margin 
of the degeneration At the point of injury a hematoma occurred, which w^as 
transformed into fibrous tissue Seddon noted the usual changes of wallerian 
degeneration jn the peripheral stump but emphasized the conspicuous proliferation 
of Schwann cells at the cut surface, this he designated as glioma Frequently 
the neuroma, composed of scar tissue and regenerating nerve fibers of the central 
stump, can be felt though the skin The glioma is rarely palpable The clinical 
signs w'ere those of complete interruption of both motor and sensory functions 
Spontaneous regeneration w'as both rare and incomplete 

Seddon studied 81 cases of axonotmesis In these cases the clinical picture 
was again that of complete interruption, but recovery was spontaneous Although 
recovery w'as slow', it w'as, nevertheless, faster than that occurring in cases of 
neurotmesis after suture of the nerve The recovery w'as perfect In most 
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instances axonotmesis resulted from blunt injury Occasionally the injury pro- 
duced a local swelling of the nerve trunk In comparing the state of recovery 
after axonotmesis and that after neurotmesis, Seddon found that after axonotmesis 
the degree both of motor and of sensory return approached perfection, while after 
neurotmesis delicate sensory tests, such as two point discrimination, revealed the 
presence of permanent sensory deficit and motor testing showed that independent 
and synergic movements were permanently impaired Seddon concluded that 
neither infection nor the state of the peripheral portion of the nerve was responsible 
for this difference in recovery but that the disorganization of the architecture of 
the nerve attending neurotmesis was the determining factor 

Seddon found three important points in the differential diagnosis of axonotmesis 
and neurotmesis (1) the nature of the injury, closed fracture being a more com- 
mon cause of axonotmesis and open fracture of neurotmesis , (2) the time at which 
evidence of regeneration should appeal spontaneously (if tliere is no sign of return 
of function at that time the nerve should be explored), and (3) the appearance 
of the nerve ivlien exposed at operation 

In cases of neurapraxia Seddon found that motor paralysis was usually com- 
plete and greater than the sensory deficit, muscular wasting was slight or not 
evident, electrical excitability of the muscles was unchanged, recovery of motor 
function was both rapid and complete, loss of tactile sense was more extensive 
m area and of greater duration than loss of pain sensation, deep sensation was 
notably impaired, mild irritative phenomena were common, and the recovery of 
sensation was rapid 

Seddon studied 36 cases of neurapraxia In 10 instances the injury was 
instantaneous, in 13 cases it was due to prolonged compression, and in 3, to inter- 
mittent trauma The average duration of paralysis was about ten weeks The 
climcal picture W'as found to be one of complete motor and incomplete sensory 
paralysis, the differences betw'cen motor and sensory disturbances and m the 
involvement of various sensory modalities being correlated wuth the type of fiber 
mediating these functions and their various susceptibilities to compression 
Recovery was spontaneous and complete At no time w’as there alteration of 
electrical reactions • 

Seddon emphasizes the occurrence of combinations of the three types of lesions 

of the peripheral nerves t- m i j i t 

Forster, Philadelphia 
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ILLINOIS PSYCHIATRIC SOCIETY 
John J Madden, MD, Presiding 
Regular Meeting, Dec 6, 1945 

Peter Bassoe, M D Dr PERcivAi, Bailey, Chicago 

This paper was published in the February 1946 issue of the Archives, page 140 

A Warning Concerning the Use of Curare in Convulsive Shock Treat- 
ment of Patients with Psychiatric Disorders Who May Have 
Myasthenia Gravis Dr Lee M Eaton, Rochester, Minn 

Curare has played an interesting role m the history of myasthenia gravis 
Realization of the fact that curarization produces a clinical picture resembling 
myasthenia gravis led Walker (Lancet 1 1200 [June 2] 1934) to try its antidote, 
physostigmine, in the treatment of this disease She found it effective and soon 
used neostigmine with gratifying results (Proc Roy Soc Med 28*759 [April] 
1935) Today neostigmine (prostigmine) is the most effective drug available for 
the relief of the symptoms of myasthenia gravis 

Bennett and Cash (Arch Neurol & Psychiat 49 537 [April] 1943), from 
their experience with curare as a preventive of traumatic complications in con- 
vulsive shock therapy, were stimulated to test the sensitivity of patients with 
myasthenia gravis to curare They found that the weakness of such patients 
was greatly intensified by small amounts Administration of doses only one tenth 
to one fortieth of those required to produce mild generalized curarization m a 
normal person resulted m striking exacerbation of symptoms They then utilized 
this observation in proposing a diagnostic test for myasthenia gravis (Dis Nerv 
System 4 299 [Oct] 1943, Arch Neurol & Psychiat 49 537 [April] 1943) 
From considerable experience with this test, my colleagues and 1 of the section 
of neurology of the Mayo Clinic attest to its great value We find it of par- 
ticular aid in discriminating between other asthenic states and myasthenia gravis 
Furthermore, this test is helpful in confirming the diagnosis m those patients 
whose symptoms are so mild that the response to injections of neostigmine is 
often equivocal In general, we find that the quinine test (Proc Staff Meet , Mayo 
Chn 18 230 [July 14] 1943) and the curare test are of approximately equal 
value in excluding or establishing the diagnosis of myasthenia gravis in that 
borderline group of cases in which the neostigmine test is least reliable 

It may be well to emphasize at this point that the quinine and curare tests 
should not be used with patients who are seriously weakened, since further 
weakening may result in death m spite of artificial respiration and administration 
of massive doses of neostigmine A tragic personal experience with such a case, 
m which all the safeguards failed, allows me to speak with authority on this 
matter 

Experience with curaie m cases of myasthenia gravis led me to predict that 
the ordinary curarization of a depressed patient, preliminary to convulsive shock 
therapy, might prove fatal should the patient also suffer from myasthenia gravis 
Confirmation of the prediction was not made by experience because, fortunately, 
m the case to be reported the presence of mild myasthenia gravis associated with 
a depression was recognized before convulsive shock therapy for the depression 
was begun A brief account of this case will prove instructive by emphasizing the 
dangers involved 
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REPORT OF A CASE ' 

A white man aged 36 came to the Mayo Clinic in March 1944 because of 
exhaustion, insomnia, inability to relax and a fear that he was soon to die 
He stated that he worried about everything and admitted having thoughts of 
suicide It Mas learned that for years he had experienced periods of depression, 
the most intense beginning m February 1938, as a reaction to a change m his 
work Within ten months his condition had progressed to a point where he 
could work no longer as an office manager As a result, he ivas confined to 
psychiatric hospitals for five months The depressive symptoms became sufficiently 
mild by the summer of 1939 that he was able to return to work, and within a 
few months he felt well again 

The patient continued to feel well until the summer of 1943, when he noticed 
that he could not see clearly unless he held his head far back Three weeks 
after he noticed this, diplopia began to occur occasionally and ptosis of the 
right eyelid became noticeable At about the same time he began to have 
difficulty in sleeping, to worry and to feel much as he had during the previous 
depression He consulted two neuropsychiatnsts, one of whom gave him an 
injection of neostigmine The diagnosis of myasthenia gravis tvas evidently 
dropped from consideration when the patient reported that after the injection 
he felt no better 

Examination at the clinic revealed slight psychomotor retardation and thought 
content appropriate to the depressed emotional state Neurologic study revealed 
a moderate degree of ptosis of the right eyelid and considerable weakness of the 
superior rectus muscle of the right eye and of both anterior tibial muscles 
The peroneal muscles and those extending the toes were perceptibly weaker than 
normal 

The diagnosis of myasthenia gravis on clinical grounds was substantiated when 
definite strengthening of the weakened muscles occurred after the patient received 
a subcutaneous injection of 1 mg of neostigmine methylsulfate and when weakening 
of the muscles occurred after quinine sulfate was administered orally m two 
doses of 10 grams (0 65 Gm ) each two hours apart Furthermore, 0 2 cc of 
intocostrm, which contains 4 mg of curare, produced a definite w'eakenmg effect 
This dose is slightly less than one tw'entieth of the dose that w'ould ordinarily 
be used preliminary to convulsive shock therapy for a man of his weight (184 
pounds [83 5 Kg]) 

The diagnosis of manic-depressive psychosis and myasthenia gravis was made 
It was suggested that the patient take 15 mg of neostigmine bromide three to 
five times daily 

The patient returned tw'o months later because of the persistence of psychiatric 
complaints Myasthenia gravis was of mild degree, and the patiefit w’as well 
relieved when he w'as taking neostigmine From May 26 to June 7, 1944 seven 
electroshock treatments were administered without preliminary curanzation 
Four resulted m convulsions The patient was much improved and returned 
to work He relapsed soon, and when he came back for further treatment, four 
more electrically induced convulsions W'ere given When he returned home, he 
refrained from work, at our insistence, for a period of two months When 
last heard from, m July 1945, he was w’ell except for ptosis of the right eyelid, 
which continued to be alleviated when he took neostigmine bromide, and he was 
successfully engaged m a new' occupation 

COMMENT 

Although this patient had myasthenia gravis m its mildest form, he was 
extremely sensitive to curare, as is usual m such cases He suffered from a 
depressive reaction severe enough to warrant electroshock therapy, to w'hich he 
responded w'ell Had the associated myasthenia gravis not been recognized and 
had an ordinary dose of curaie been administered as a preliminary to electro- 
convulsive therapy, death probably w'ould have resulted m spite of heroic measures 
to combat the effect of curare 
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The value of convulsive therapy has become widely established in the treat- 
ment of psj'chiatnc disorders, particularly depression Furthermore, curanza- 
tion preliminary to convulsive therapy is widely used Stewart {Dis Nerv 
System 4 236 [Aug ] 1943) pointed out that in 1943 more than one hundred 
institutions m the United States had adopted this plan of treatment Myasthenia 
gravis is not nearly so rare as it was once assumed to be The recognition of 
milder atypical forms of the disease seems to account for the apparent increased 
frequency For many years the diagnosis has been made in approximately 4 
out of every 10,000 new cases encountered at the Mayo Clinic In the last four 
years I, personally, have examined 175 patients who had myasthenia gravis 
In this large group there was no more than an average proportion of major 
psychiatric disturbances One patient had a manic-depressive psychosis , 1, a 
moderately severe reactive depression, 2, reactions resembling those of schizo- 
phrenia, with associated exophthalmic goiter, 1, a severe post-traumatic 
psychoneurosis with paranoid trend, and 1, frank conversion hysteria Actually, 
only 2 patients of this group were given convulsive therapy, and for 1 other 
such treatment was considered I realize that the specific set of circumstances, that 
IS, a case of unrecognized myasthenia gravis plus associated psychiatric disorder 
for which convulsive treatment is given after preliminary curarization, rarely 
will be encountered However, myasthenia gravis must be ruled out m any 
case m which curarization is to be used preliminary to electroshock if tragedy 
IS to be avoided It is hoped that this report may stimulate physicians wdio use 
the treatment to consider that myasthenia gravis might be present before pro- 
ceeding with curarization To imply that preliminary curarization is to be 
avoided m the ordinary case in w'hich convulsive tlierapy is used is not my 
intention 

Psychiatric Overlay in Physical Disease Dr Leo Kaplan, Chicago 

This paper was given primarily to point out the many cases of functional overlay 
that were seen in the Army The effects of ps>chogenic factors on physical 
disease w’ere elaborated on, indicating the relation between psyche and soma 
Some of the psychopathologic mechanisms which w'ere apparently responsible for 
the prolonged delay in recovery from organic disease w'ere pointed out 

A number of cases of organic disease with superimposed functional overlay w'ere 
presented, including those with such diagnoses as traumatic vasospasm, acro- 
cyanosis, thromboangiitis obliterans and motor w^eakness of various extremities 
associated w’lth fracture and prolonged application of casts 

The types of treatment and the results were indicated, wnth formulation of 
the following conclusions (1) motivation for production of functional overlay 
IS the same in civilian life as in the Army, namely, gam to the patient by 
obtaining dependency, attention and security , (2) early recognition and differentia- 
tion of that portion of the illness w'hich is functional and that w'hich is organic 
in order to obtain a better prognosis for recovery, (3) early recognition of 
functional overlay to prevent chronic invalidism in veterans to be discharged 
from service 

Group Psychotherapy with Private Patients Dr Abrahaji A Low', 
Chicago 

A class was started in 1941 with a small group of private patients w'ho met 
once a w’eek, one patient being interviewed w'hile the others listened At present 
the class is attended by upward of 70 patients The class consists in about 
equal parts of psychoneurotic and former psychiatric patients 

The discharged psychotic patient suffers from residual symptoms, such as 
tenseness, difficulty in sleeping, fatigue, numbness, pains, palpitation, blurred 
Msion, head pressure and other sensations, fears and compulsions These residual 
symptoms must be relie\ed without dela 3 ' Otherwise, apprehension on the part 
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of the e\-patient and his relatives creates an unhealthy atmosphere, which may 
precipitate a relapse 

The psychoneurotic patients admitted to the class are chiefly of the chronic 
type After making the rounds of physicians and clinics, they have decided they 
cannot be cured All they want is a prescription or a “pep talk” for temporary 
relief Having discounted the possibility of a final cure, they cultivate a self- 
appointed defeatism 

The physician is ill equipped to deal with defeatism To his endeavor to "sell” 
the idea of mental health the patient offers a sort of “sales resistance” The 
patient’s credo is that the physician would not dare tell the truth even if he knew 
the condition was incurable Medical ethics forbids frankness In class sessions 
the chronic patient is made to listen to a “colleague” who has successfully 
“licked” his own chromcity That colleague is convincing He has nothing 
to “sell ” Tbe patients attend one weekly class conducted by the physician In 
addition, they are encouraged to join the Recovery Association, m which the 
patients gather m w'cekly home meetings There they hold panel discussions, 
encouraging one another to give up their resistance This resistance is called 
“sabotage,” because it sabotages the physician’s authority The most pernicious 
form of sabotage is self diagnosis and self prognosis If the patient calls his 
compulsion “unbearable” or his fear “uncontrollable,” he pronounces his difficulty 
serious (diagnosis) and difficult to repair (prognosis) With tins, he sabotages 
the physician’s authority 

To check defeatism, the patient must be taught how to curb his temper 
Temper precipitates and intensifies symptoms On the other hand, symptoms give 
rise to outbursts of temper A vicious cycle is thus established This must 
be broken by class instruction and the self-help aetivities of the Recovery 
Association 

The mam advantage of the combined class and self-help method is to gam 
time for the physician With the aid of various group psychotherapeutic technics 
it IS possible for the physician to reduce the time spent on the individual patient 
during the office interview In this manner, group psychotherapy is supplemental 
to individual psychotherapy 


NEW YORK NEUROLOGICAL SOCIETY AND NEW YORK ACADEMY OF 
MEDICINE, SECTION OF NEUROLOGY AND PSYCHIATRY 

Joseph H Globus, M D , President, New York Neurological Society, Presiding 
Joint Meeting, Dec 11, 1945 

Presidential Address Brain Tumor Its Future in the Light of the Past 
Dr Joseph H Globus 

This paper was published m the April 1946 issue of the Journal of Neuro- 
pathology and Evpenmental Neurology, page 85, under the title “Brain Tumor 
Its Contribution to Neurology m the Remote and Recent Past ” 

Suprasellar Calcified Lesion of Unusual Size Report of a Case 
Dr Alfred Gallinek 

An American-born white man aged 35, married, was first examined in October 
1944 and has been under observation since that time At the age of 32 the patient 
first experienced headaches, w'hich since then have occurred intermittently The 
average frequency has been twice a week The headaches usually begin late in 
the afternoon The patient soon discovered that he could eliminate the headache 
by lying down He also noticed that he could aggravate the pain by stooping The 
headache is always bifrontal and is localized in the orbits behind the eyes and 
across the bridge of the nose Recently there have been several episodes of nausea 
and vomiting, which also were relieved by lying down For the past two years 
there have been occasional photophobia and blurring of Msion At the age of 33 
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the patient experienced the first of a series of “weak spells ” These spells occurred 
infrequently in the beginning, but during the past year he has had seven attacks 
of loss of tone These' attacks were initiated by a sensation of numbness in the 
forehead and on both sides of the face This sensation was followed by flushing 
and sweating in these areas Intense weakness then appeared in the legs, and 
about a minute after the onset of the initial numbness the patient fell to the ground, 
with perfect preservation of consciousness During the past year the duration of 
the attacks of loss of tone has been about five minutes from the onset of the first 
symptoms until the moment when the patient is able to resume standing or walking 

Invariably, his headaches have been completely relieved by rest m a recumbent 
position for about fifteen to thirty minutes His condition has not prevented him 
'from working nine hours a day The past history is noncontributory except for a 
head injury at the age of 6 years, when he fell out of a cherry tree, hitting his 
head on a rock He does not recall any details but remembers that he did not have 
to be hospitalized It is noteworthy that there is no history of polydipsia or 
polyuria, that the patient’s sex life is normal and that he has to shave daily 

On examination he weighed 125 pounds (56 7 Kg ) and was 5 feet 6 inches 
(167 6 cm) tall He was of slight body build, no abnormalities were evident on 
general examination He was right handed Both disks showed slight edema 
(right eye, D , left eye, ID) There were blurring of the nasal margins and 
moderate temporal pallor Both visual fields showed marked constriction Visual 
acuity was 20/30 bilaterally There w'ere hippus and slight nystagmus on left 
lateral gaze The cranial nerves viere otherwise normal except for a slight 
rigidity of facial expression and vague asymmetry in the innervation of the left 
side of the mouth, which might represent weakness of the left side of the face of 
central type Slightly rigid posture was noticeable, particularly on walking An 
inconsistent tendency toward dorsiflexion of the big toe was occasionally observed 
on the left, as well as some fanning There was downward drift of the left upper 
extremity, with convergence and pronation in the right upper extremity The rest 
of the neurologic status was normal 

The initial spinal fluid pressure was 200 mm , aftei withdrawal of 10 cc the 
pressure was: 170 mm On subsequent spinal punctures, the initial pressure was 
130 or 140 mm and the final pressure 70 mm Examination of the spinal fluid 
showed a total white cell count of 3 per cubic millimeter, a total protein of 160 mg 
per hundred cubic centimeters, a normal colloidal gold curve and a negative 
Wassermann reaction The Kline reaction of the blood was negative The urine 
was normal The blood sugar and the glucose tolerance curve were normal 

Poster oanterior and left lateral stereoscopic roentgenograms of the skull showed 
a large, circumscribed shadow of calcium of almost bony density lying m the 
suprasellar region, in the midline The inferior margin was relatively straight 
A small shadow of calcium was seen posterior to this large mass, apparently the 
posteriorly displaced pineal gland The sella turcica was slightly enlarged The 
posterior clinoid processes were atrophic The bones of the vault showed no 
definite abnormalities 

The electroencephalogram was normal The basal metabolic rate was — 14 per 
cent The results of other routine laboratory studies were normal 

In analysis of this case, the following groups of symptoms are distinguishable 
intermittent headaches, to a great extent depending on and relieved by changes in 
posture , attacks of loss of tone in the lower extremities , vague parkinsonian 
features in facial expression and gait, a slightly low basal metabolic rate, and 
moderate papilledema, with constriction of the visual fields and moderate diffi- 
culties in vision 

The tumor m this case must occupy most of the region of the third ventricle 
and Its adjacent structures Tumors inside the third ventricle are known to produce 
few symptoms, but for tumors involving the third ventricle as well as adjacent 
structures Fulton and Bailey have enumerated not less than nine syndromes, most 
of which were not distinguishable in our case Wilfred Harris stressed the impor- 
tance of paroxysmal postural headaches as a diagnostic sign of intraventricular 
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cysts and tumors Stookey descnbed the same type of headache as that seen m the 
case presented and ascribed it to intermittent obstruction of the foramen of Monro 
by a neuroepithelial cyst The mechanism of these headaches was explained b\ 
Harris as a block of the foramen of Monro Considering the size of the lesion in 
the case presented, it is likely that compression of gnd relief of pressure on both 
veins of Galen play an important role 

Attacks of loss of tone were also seen by Harris m a case of colloidal cyst in the 
foramen of Monro The affective component seen in most cases of idiopathic 
cataplexy was absent in the case presented 

It IS difficult to decide whether the lesion m this case is a calcified meningioma 
(originating from the anterior portion of the falx), a craniopharjngioma or a 
dermoid It was felt that not much additional information could be expected from 
air studies and that they might be dangerous The problem of surgical approach 
was discussed seriously In view of the size of the lesion and its localization, there 
is no doubt that surgical removal would be difficult The fact that the patient is 
able to work and to lead a normal life favors a conservative attitude, particularh 
since all his subjective symptoms usually disappear for about two months after 
withdrawal of 10 to 15 cc of spinal fluid 

The case is presented because of the striking discrepancy betw'een the magnitude 
of the lesion and the comparatively mild character of the symptoms, as well as the 
diagnostic significance of postural headaches and attacks of loss of tone 

This paper w'as published in the May 15, 1946 issue of the Ncn' Yoik State 
Journal of Medicine, page 1127, under the title, “Postural Headache and Attacks 
of Loss of Tone in a Case of Calcified Suprasellar Tumor” 

DISCUSSION 

Dr H a Rilev This case of Dr Gallinek’s has been a subject of con- 
siderable interest to us at the Institute Dr Gallinek presented the case at one of 
our conferences, and we were all in doubt as to the actual nature and possible 
location of this bony grow'th There is little for me to discuss in this presentation 
for Dr Gallinek has covered as adequatel} as is possible w'hile the patient is still 
alive the clinical and supposed pathologic features of the situation The two 
points of interest are those which he emphasized, the attacks and the paroxysmal 
headaches The attacks are similar to cataleptic seizures but are entirely disso- 
ciated from any change m emotional tone That leads me to believe that these 
attacks may be of cerebellar origin — ^attacks of cerebellar atony — for some of the 
neoplasms and lesions of the third \entricle produce predominantly cerebellar 
symptoms The other feature, wffiich is the presenting symptom in this patient, is 
the paroxysmal episode of headache Dr Gallinek has emphasized the tw'o 
explanations for this condition (1) an episodic block of the foramen of Monro 
and (2) the theorv which seems less attractive to me, namely, interference with the 
veins of Galen At their origin near the foramen of Monro the v'eins of Galen 
are very small, and they become large only as they receive successive additions — 
the vein of the corpus callosum, the vein of the septum pellucidum and the striatal 
and choroidal veins They assume large proportions onlj as they pass back to form 
the great vein of Galen, which with the inferior longitudinal sinus and the basilar 
veins forms the straight sinus It seems to me that the cause of this intermittent 
episodic headache, which is positional in character, is much more likely to be 
blockage of the foramen of Monro, forming a hydrops cerebri as a result of the 
damming back of the cerebrospinal fluid in the ventricular system 

I remember a dramatic case of what I thought at first was simple migraine 
The patient came to me with the complaint of headache, which came on only in 
episodes, accompanied with some visual phenomena — streaks, jags and lines of light 
which are frequently associated with ophthalmic migraine His mother and several 
other members of the family had migraine I kept him under observation for a 
year or so, treating him, as all try to treat migraine, without any great success 
About two years after I first saw him, he returned with his headaches materially 
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increased He had noticed that they occurred only alter he had been studying 
(he was a student at Princeton), leaning forward over his desk, for a considerable 
length of time Only at that time did he show any papilledema, with hemorrhages 
but no localizing signs I sent him to the Neurological Institute, where an encepha- 
logram demonstrated beautifully a colloid cyst of the third ventricle Dr Davidoff 
removed the growth by a transfrontal approach, with complete relief of the symp- 
toms and cure of the condition, except that temporarily the patient had a series of 
convulsions, which were controlled with phenobarbital I feel that the explanation 
of this type of headache is to be found in an obstruction of the foramen of Monro 
I believe with Dr Gallinek that the location of this tumor and its probable 
origin are m the third ventricle I think that one may conclude from the roentgen- 
ograms that It IS too high in the cranium to be a suprasellar craniopharyngioma 
and too low to have its origin m the anterior portion of the falx , I believe it is too 
far caudal to arise from the falx, as this membrane arises from the crista galli 
It IS central in location and occupies the position of the third ventricle, which, if 
the tumor is so situated, must be greatly dilated 

The other questions of importance m this case concern the advisability of carry- 
ing out an air study and of operating This man is doing fairly well , he has lived 
for a number of years with this neoplasm, and he probably will live comfortably 
and productively for a considerable time I think it is better not to attempt any 
air studies or operation, a live patient is better than a dead certainty 

Every neurologist who has become accustomed to see cerebral neoplasms 
lecognizes that practically no significance is to be attached to the size of a tumor 
so far as symptoms are concerned Those who are entering the field of neurol- 
ogy jnust appreciate the fact that a tumor makes its presence known primarily, and 
almost exclusively, by the rapidity of its growth If a tumor grows slowly, a brain 
can accommodate itself to the presence of a growth of almost any size , if it grows 
rapidly, a small tumor may produce serious, and evident and prompt, symptoms 
I wish to congratulate Dr Gallinek on his careful study and the interesting 
presentation of this case 

Dr Byron Stookey I think Dr Gallinek and Dr Riley have said everything 
that is of interest I am delighted that this patient is Dr Gallinek’s patient and 
not mine I should like to thank Dr Riley for looking at me when he said he 
would rather have a live patient than a dead certainty Certainly, I think from 
the surgical standpoint the patient is better off out of the surgeon’s hands This 
man is well adjusted to his tumor, since it is calcified, it is no longer growing, he 
can be followed carefully clinically, and if an operation should be desirable it can be 
undertaken I have an idea that the tumor could be removed by heroic measures, 
perhaps requiring amputation of the frontal lobe I agree with Dr Riley and 
Dr Gallinek that the growth is probably in the third ventricle, so that an approach 
can be made if necessary 

Would Dr Gallinek state what position the patient assumes when he ;s relieved 
of his headache? Most patients are relieved, not by lying with the occiput down, 
but by placing the forehead down Many a sudden death has been attributed to 
cardiac disease which was actually due to a tumor of the third ventricle suddenly 
obstructing the foramen of Monro and producing a rapidly developing hydro- 
cephalus I think the explanation of obstruction of the ventricular system is the 
correct one 

Dr Alfred Gallinek In answei to Dr Stookey’s question, the patient has to 
he flat on his back to obtain relief from the pain 

Phyletic Manifestations and Reversions Dr A A Brill 

The author pointed out that both Freud and some of his pupils came to the 
realization that certain neurotic manifestations cannot be adequately explained by 
the patient’s past but that they can be understood only on the basis of phylogenesis. 
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The author cited a case of a husband and wife who had lived together for almost 
a generation, constantlj quarreling, separating and fighting Their behavior was 
predominantly anal-sadistic , object libido seemed to have played only a minor 
part m their married existence The author was struck by the fact that although 
both husband and wife belonged to a better than middle class cultural level, they 
contmuallj hurled invectives at each other which referred to the posterior region 
As these expressions have always been popular among persons of the lower social 
strata, it was concluded that they must conceal some long-forgotten pleasant 
outlets In other words, the invitation to kiss one’s behind, which is now dis- 
gusting, must have once formed a pleasant outlet 

The author then examined the biologic development of the penis and vagina 
and showed that they both stemmed from the anus, that they both developed from 
the cloaca, and that the rudimentary penis for the tiansmission of semen only is 
first encountered m the ornithorhyncus, which forms the link between the three 
great animal families This explains wh> the anal functions still retain some of 
their erstwhile pleasurable feelings, why many people like to linger and read in 
water closets or m “comfort stations ’’ They are unconsciouslj reliving some long- 
forgotten pleasures The invitation hurled during fights and quarrels by people 
of the lower social levels has the same meaning That these feelings have alwavs 
existed m concealed form is readily demonstrated by customs and proverbs of 
primitive and modern peoples and by their occasional outcropping m the literature 
of the day The author concludes that the tabooed invitation to kiss one’s posterior 
IS a revival of a phyletic engram m distorted form 

DISCUSSION 

Dr Edward Kempf, Wading River, N Y Last summer Dr Brill told me 
about his patient and his impressions, and I, in turn, told him I had been for 
several years engaged m an investigation of the evidence on the biologj of bisexual 
differentiation and had found a good deal of information concerning man’s 
recapitulations of the phylogenv of bisexual differentiation in his ancestors When 
his paper was announced, I sent him a copy of my paper, so he promptly called 
me m to discuss his paper at this meeting 

I should like to make a few comments along this line, guided largely by 
Dr Brill’s interesting material and speculations I think that the average phvsician 
in his education has not been taught to lealize the profound importance of 
ontogenetic recapitulation m the development of man There is an inclination to 
think of It as a recapitulation m the embryonic or prenatal stage onlj , actuallj. 
It goes through a long series of steps, which begin with the embryonic stages, 
including the cloacal differentiations of the anus and urethra, penis and v'agtna 
and the hermaphroditic differentiations All these emerge before birth After 
birth, apparently, the cerebral cortex is conditioned by the morphologic and 
ph3’^siologic processes of the organism, as well as bv the environment At birth 
the cerebral cortex is practically an unconditioned instrument At this period the 
infant goes through the differentiation of the oral food-taking and finger-sucking 
reflexes and of the cystic-urethral-urmary and anal-rectal-defecatmg functions, com- 
bined with a gieat deal of exhibitionism and learning It is just beginning to be 
realized that he should go through these phases, because they are extremely impor- 
tant as foundations for elaborating his future sociability One finds m dogs, apes 
and monkeys such behavior m the young animal, which gradually disappears in 
the adult The same process seems to occur m man, and all these recapitulations 
are found m primitive, as well as m civilized, man 

Primitive man is considerably more tolerant toward these functions than is 
civilized man Primitive man, like civilized man, usually grades his compliments to 
another in terms of what is beautiful or good to eat, as favorable terms which 
reassure the ego and set it up as being socially desirable He has also grades of 
defamation, which are identified with poisons and with excreta These generally. 
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though not always, mean that the^ person is identified with the socially outcast 
The well-being of the ego is determined by getting plenty of compliments every day 
from family and neighbors Every one practices using both sets of identifications 
The words used apparently are not particularly significant, it is the tone of voice 
and the affect with which the things are said that count 

I should like to discuss further this extremely interesting phase of human 
behavior, but my time limits me to calling attention to the significance of adherence 
to cloacal interests in children and of the tendency of persons who have been 
frustrated m society to regress by learning to think of themselves in terms of 
derogatory, anal-erotic defamations If one calls a person vile names, and he is 
not a strong character, he will visualize himself in such terms and will then 
undergo a great disturbance of affect and physiologic function and a tendency to 
regression to a lower attitude Such a condition can become very serious Take, 
for instance, the patient with hebephrenic schizophrenia , such a person experiences 
defeat m the right to live in the heterosexual direction and, finally, a breakdown, 
with regression to cloacal affects and attitudes This is largely tied up not so 
much with constitutional deficiency, for many of these patients recover, as with the 
pressure of the social group Treatment often is successful if the patient can be 
made to think of himself again in better terms, to visualize himself in better 
terms, such as are pleasant to every one trying to get along in society and be 
successful I am sorry that I cannot elaborate further on this extremely inter- 
esting paper, but it does perhaps make the point clear that the physician should 
give importance to the ontogenetic recapitulation of phylogenetic patterns from 
the cloacal phase all through the genital development 

Phenomena of Sensory Suppression Major Norman Reider, Medical Corps, 
Army of the United States (by invitation) 

This paper was published in full in the June 1946 issue of the Archives, 
page 583 

DISCUSSION 

Dr S Bernard Wortis One can add little to the excellent paper Major 
Reider has given us This more careful psychologic testing is being used with 
greater frequency in studying neurologic illness With such organic lesions of the 
brain one sees psychologic and somatic factors delicately intertwined Studies 
like this emphasize the importance of enlarging the methods and scope of testing 
in order to pick up these most subtle defects m function On the neurophysiologic 
side these data on cortical suppression or extinction have come from the work 
of Dusser de Barenne, Garrol and McCulloch, and from the clinical side many of 
these disturbances in function have been described by Goldstein, Schilder, Riddoch, 
Morris Bender and Furlow The physiologists have furnished data to indicate that 
certain areas of the sensory cortex in certain animals, chiefly monkeys, especially 
areas 4S, 3S, 2S, 8S and 19S, have suppressor strips, and therefpre suppressor 
strip functions, and these can be related to the motor mechanisms More recently 
clinicians wuth war experience have indicated that these reactions are seen in cases 
of cerebral trauma and that ivith adequate testing such defects can be elicited 
Many a disturbance in function of which soldiers with cerebral injuries complain, 
although on the surface appearing as a neurotic manifestation, has as a basis injury 
to cortical areas and gives evidence of definite pathologic localization of the lesion 
Moreover, Major Reider has emphasized the homolateral suppressor effect 

The author is to be congratulated on his clinical observations, which further 
elucidate the psj'chologic, physiologic and functional factors of cerebral function 
Dr E D Friedman May I ask Major Reider whether he considers these 
sensory suppression phenomena allied to Babinski’s anosognosia’ 

Major Norman Reider Certainly, it is likely that they are I think 
Dr Bender’s recent paper (Extinction and Precipitation of Cutaneous Sensations, 
Arch Neurol & Psvchiat 54 1 [July] 1945) touches on that point 
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CHICAGO NEUROLOGICAL SOCIETY 

Ben W Lichtenstein, M D , President, in the Chair 
Regular Meeting, Dec 11, 1945 

Paroxysmal Attacks of Unilateral Sweating Associated with a Pontile 

Lesion Report of a Case Dr Joseph A Luhan 

A Negro aged 23 entered Cook County Hospital complaining of a “dead 
feeling” in the right extremities, blurring of vision and attacks of sweating on the 
right side of the body associated with dizziness He had been subject to nocturnal 
convulsive seizures since the age of 4 years 

About a month before admission, while at work during the day, he suddenly 
became dizzy and broke out in profuse perspiration on the right side of the body 
from the head to the toes, inclusive He went to the washroom to sit down and 
found that he was unable to wipe the area dry because of profuse sweating In 
about twenty minutes the sweating and dizziness stopped He had had many spells 
of sweating and dizziness since the first attack, without any of his former “sleeping 
spells ” 

Examination on admission disclosed marked diminution of all forms of sensi- 
bility on the right half of the body (including tbe face), right hemiparesis and palsy 
of the left sixth nerve He was seen in a number of attacks of profuse sweating on 
the right side A roentgenogram of the chest revealed bilateral infraclavicular 
infiltration suggestive of tuberculosis Subsequently, there developed conjugate 
deviation of the eyes to the right, then weakness of the masseter muscle, pro- 
nounced deafness and, finally, facial palsy of peripheral tjpe appeared on the left 
side The patient died eighty-one days after admission 

Necropsy revealed a solitary tuberculoma confined to the caudal four fifths 
of the pons, without generalized meningitis , the lesion was secondary to pulmonary 
tuberculosis 

This case is of interest if for no other reason than the factual observation that 
paroxysmal hemihyperhidrosis can occur The patient had had so-called idiopathic 
epilepsy prior to the development of these attacks of sweating, which were in some 
way associated with an expanding focal lesion m the left side of the pons, starting 
probably m the vicinity of the medial lemniscus at about tbe level of the sixth 
nerve It is probable that most of the pontile tegmentum on the right side was 
intact when the attacks of sweating began 

Neurologic Disturbances Associated with Multiple Myeloma Dr LeRoi 
H Sloan, Dr R W Keeton and Dr Louis Limarzi 

Twenty-one cases of multiple myeloma were reported, 11 from the Illinois 
Central Hospital and 10 from the Research and Educational Hospitals In 17 of 
this number the diagnosis had been confirmed by sternal puncture In 2 cases 
there was a single isolated myeloma, with a sciatic syndrome m one and a slowly 
developing syndrome of compression of the cord in the other, in the other cases 
the lesions were multiple 

The chief complaint was backache, the pain was progressue and severe, 
radiated anteriorly and was increased by effort, particularly during the act of 
turning in bed, as well as by coughing, bearing down and local pressure All levels 
of the spinal vertebrae were involved The essential neurologic syndrome was 
that of compression of the cord, with development of flaccid or spastic paraplegia 
or quadnplegia, depending on the level of invasion No isolated cranial nerve 
palsy was observed The optic disks showed no evidence of increased intracranial 
pressure In 1 case there was deafness due to local conditions not associated with 
the myelomatous involvement Convulsive seizures did not occur, even in the 
presence of extensive destructive changes in the skull Ascending cystopyelo- 
nephritis was the usual cause of death , in several instances true uremia developed 
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Laminectomy was of temporary benefit Roentgen irradiation was the usual treat- 
ment for the local process, and blood transfusions were given to combat the anemia 
which developed as myeloma cells invaded the bone marrow 

Sternal puncture is of maximum importance in diagnosis of lesions of the bony 
framework, especially when associated with compression of the spinal cord In 
2 cases in this series biopsy completed the diagnosis, but sternal puncture is more 
valuable when the fluid is examined by one cognizant of cell types and changes 
Diffuse areas of rarefaction in bone calls for sternal puncture unless one is 
certain that a localized primary tumor explains the rarefaction as a metastatic 
lesion The diagnosis of localized tumor formation in the spinal vertebrae may be 
aided greatly by this procedure, even though the tumor appears to be of malignant 
origin rather than part of an undisclosed multiple, diffuse process A roentgen- 
ogram of the skull will also be of aid, since in multiple myeloma the skull is 
usually invaded and the characteristic punched-out areas appear, these areas may 
appear earlier in the mandible than elsewhere in the skull 

The chemical features of multiple myeloma are hyperproteinemia, reversal of 
the albumin-globulm ratio, hyperglobulinemia and hypercalcemia with normal or 
high serum phosphorus The blood picture is that of normocytic or macrocytic 
anemia, autohemagglutination, frequent leukopenia with atypical plasma cells and 
myeloma cells and the presence of myeloma cells in the bone marrow The absence 
of such cells does not rule out the possibility of multiple myeloma The neuro- 
logic picture IS due m most instances to compression of the spinal cord and regional 
roots, with radiating pain, the pain being made worse on movement, and is asso- 
ciated with gradual development, for example, of paraplegia, quadnplegia, loss of 
bowel and bladder control 

DISCUSSION 

Dr Percival Bailey I was most impressed with the high incidence of 
involvement of the spinal cord and the usefulness of spinal puncture in diagnosis 
Sometimes it is difficult to make a differentiation, roentgenologically or clinically, 
of metastatic disease, Hodgkin’s disease and myeloma 

Dr L Limarzi One of the telltale signs in cases of multiple myeloma is the 
extremely soft, nonresistant or “cheesehke” consistency of the sternum that is 
encountered while the needle is being inserted into the sternum for aspiration of 
marrow for biopsy This characteristic consistency of the sternum should always 
make one aware of or suspect multiple myeloma 

Dr LeRoy H Sloan In the syndrome of compression of the spinal cord 
one must, of course, consider the likelihood of myeloma Diagnosis will be greatly 
aided by sternal puncture and by roentgenograms of the skull and mandible, as 
well as by the finding of hyperproteinemia with high globulin content and reversal 
of the albumin-globulin ratio I wish to thank Dr Limarzi, who examined all the 
sternal fluids in this series 

Oneirophrenia, a Climcophysiologic Syndrome Dr L J Meduna and 

Dr W S McCulloch 
/ 

The clinical syndrome called oneirophrenia consists in an oneiroid picture, as 
described by Ragis and by Gross, and a specific disorder of carbohydrate metab- 
olism, indicated by a somewhat sustained level of the blood sugar in the usual 
glucose tolerance test and in the Exton- Rose glucose tolerance test and by resistance 
lo insulin, due to some factor circulating in the blood and detectable m the urine 
bj bioassay, as indicated in collaborative investigations by Gerty, Urse, Braceland, 
Vaichulis and their associates The temporal relations of the psychiatric picture 
to the biochemical picture were discussed These observations indicate that the 
carbohydrate metabolism is disordered during the psychosis and is normal during 
remissions, spontaneous or induced There is even evidence that the biochemical 
changes, as detected in the blood stream, occur about one day before the changes 
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m clinical symptoms, both on the patient’s going into and his coming out of the 
psychosis 

DISCUSSION 

Dr Francis J Gerty It is now known that the “shock" treatments do not 
give equally good results in all cases of “functional” and “constitutional” psychoses, 
even when therapy is begun early Excellent results have been obtained when 
the initial diagnostic classification has been in the schizophrenic, manic-depressive 
or unclassified group If prior to the use of sedation the patient has had evidence of 
confusion, a better prognosis is generally offered The use of excessive amounts 
of sedatives and the effects of near exhaustion from hyperactivity and loss of sleep 
may interfere somewhat with making a correct judgment as to whether the con- 
fusion IS a primary or a secondary symptom of the disorder If the confusion is 
a primary symptom, one may justifiably believe that pathologic biochemical changes 
are present which result in a psychotic reaction resembling in some respects the 
svmptoms one associates with schizophrenia, manic-depressive psychosis and other 
categories of the psychoses It is in these cases, regardless of the superficial 
suggestion as to classification along old diagnostic lines, that recovery occurs If 
the confusion is merely a secondary phenomenon or is not present at all, the results 
with shock treatment probably are no better than those without such treatment 
If one looks only for the cruder evidences of extreme confusion, one will probably 
miss detection of many cases that belong in this group It is unfortunate that there 
IS no better means of detection of these cases than clinical estimate of the mental 
symptoms These symptoms represent merel> a reaction Disco\ery of what lies 
behind the reaction is still the real problem 

Electronic Devices for Use in Modern Neuropsychiatry Mr Craig 
Goodw'in 

To design apparatus for use in electrophysiology, the engineer must study the 
problem firsthand to learn what is required of the equipment Successive revisions 
of the first design should result in apparatus w'hose controls are few% orthogonal 
and stepwise 

One stimulator developed thus uses a variable frequency master oscillator, giving 
a repetitive, condenser discharge type of stimulus Other features are a variable 
coupling condenser, which provides control of wave form, i e , of the time con- 
stant, a three decade voltage divider for control of output, and a degenerative 
power amplifier with a step-down output transformer The output is thus of the 
low impedance, or “constant voltage,” type, and its voltage does not vary in 
response to changes in load or electrical resistance of the preparation This pre- 
vents apparent variations m threshold when pressure of the electrode or the area 
of contact changes Finally, the output is obtained from tlie secondary winding 
and is thereby isolated from the chassis and from ground This reduces artefacts 
and precludes accidental shocks 

In direct current amplifiers preference is given to the method of using a 
"voltage divider” coupling between stages This requires a source of voltage above 
ground and one below The latter permits the use of a large common cathode 
resistor to provide differential and push-pull actions, which are generally desirable 
in biologic amplifiers The “voltage divider” coupling also makes possible an 
amplifier whose input and output are each nearly symmetric about ground, 
standardizing and facilitating interconnections between amplifiers Thus, a uni- 
versal low gain amplifier can be used, and two or more may be cascaded if 
necessary 

The final amplifier should be a single stage, multiple channel amplifier designed 
simply for the recorder used (crystal or magnetic ink writer or cathode ray, for 
example) This minimizes retirement of apparatus when recording methods are 
changed 
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DISCUSSION 

Dr James G Golseth Mr Goodwin has described several measuring instru- 
ments which may enable one to learn more about the nervous system It is not 
important at this time whether one agrees or disagrees with Mr Goodwin regarding 
the relative efficacy of a constant voltage, saw-tooth wave as compared with a 
constant current, square wave for cortical stimulation It is of great importance, 
however, that both instruments measure fundamental physical quantities — ^the 
former, voltage and time , the latter, current and time Given such instruments, the 
investigator may then find out for himself which type furnishes the more accurate 
data and, in particular, the more reproducible data In other words, if he correctly 
employs reliable instruments which measure in a reproducible manner fundamental 
physical quantities, he may then let the data obtained speak for themselves 

Mr James A Fizzell For the past few years I have been doing work 
slightly analogous to that of Mr Goodwin, but I do not feel that I am qualified 
to criticize his work I am highly impressed with the various pieces of apparatus 
he has devised, for I can see and appreciate some of the difficulties he has overcome 
It began to appear ten or fifteen years ago that certain fields of medical 
research would be benefited if electronics could be applied The field of neurology 
is a particularly rich one for such application, inasmuch as the nervous system is so 
strongly analogous to a large communications system In the development of a 
modern telephone system, it was necessary to design and build elaborate pieces 
of test equipment They were marvelous instruments, but they did not transmit 
telephone messages, they were only tools The stimulator and the amplifiers 
developed by Mr Goodwin are simply tools, regardless of how elaborate they 
may be 

The first instrument which Mr Goodwin presented might be called a signal 
generator It was said to have four desirable features I am sure Mr Goodwin 
will admit it has several more, but he has mentioned the principal ones The 
amplifier is a test equipment, like a monitor set, which permits tapping m on a 
telephone line Application of these pieces of apparatus to the study of the central 
and peripheral nervous systems is actually to apply them to the greatest of all 
communication systems 

An outstanding feature of this work was suggested when Mr Goodwin stated 
that his initial efforts at solving a given problem usually proved to be merely a 
fixed approximation His later success came about as a result of cooperation 
between him and the medical men with whom he worked The remarkable feature 
of all these electrical tools is that they are the result of cooperation the small 
and powerful diathermy machines, the portable electrocardiographs, the multiple 
channel electroencephalographs — all are beautiful evidences of cooperation between 
workeis in two highly specialized sciences 

The electronics engineer did not know intuitively that an acceptable input 
current to an electroencephalographic amplifier would be 10— lo microamperes , he 
found that out by cooperation with medical men The medical man did not know 
that reducing the heater temperature of the first stage would reduce emission 
velocity, noise and grid current while increasing the input resistance, he learned 
and profited by cooperation with the electronics engineer 

These electronic instruments are wonderful, but taken by themselves they mean 
\erj little, because they are simply tools In order to make the best use of them 
and to make the greatest advance in neurologic research, it is necessary that 
workers who use them know something about them and be able to think in terms 
of them This means a more complete merger of the two specialized fields of 
neurology and electronics, which can be accomplished only by considerable study 
and hard work I believe that if members of the medical profession learn to use 
this apparatus correctly, develop an understanding of it and seek more uses for it, 
there will result a multiplication of such devices, thus speeding advance in neuro- 
logic research 
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The Diagnosis of Nervous Diseases By Sii James Purves-Stewart Ninth 
edition Price, §11 Pp 880 Baltimore Williams & Wijkins Company 

This IS the ninth edition of an excellent woik in neurology The subject is 
studied from the practical viewpoint of the clinician, vith the orientation toward 
symptoms and syndromes rather than disease entities 

This edition has brought up to date the subject of neurology, with greater 
emphasis and study on modern methods The form, printing and illustrative dia- 
grams and photographs are more numerous and discussions are more lengthy and 
detailed than in the previous editions 

In the preface the author comments on the impact that the recent war has 
had on neurology and psychiatry A number of new neurologic syndromes ha\e 
been revealed, such as the crush syndrome and the visual disturbances of aviators, 
to mention a few 

The first three chapters deal with physiologic anatomy, and there is an excellent 
section on methods of case taking There are chapters on delirium, coma, con- 
vulsive disorders, involuntary movements, aphasia and disorders of articulation 
and a discussion of the cranial nerves 

There are two chapters on pain and other abnormalities of sensation, which 
are rather comprehensive There follow chapters on organic paralyses of the 
upper and lower motor neuron types, recurrent and transient palsies, incoordina- 
tion, posture and gait, trophoneuroses, reflexes and the vegetative nervous system 
The section on the psychoneuroses and psychoses suffers from the purely 
organic approach to mental illness and at many points becomes an essay, with 
sharp criticism of the psychoanalytic theory and method 

The chapters on electrodiagnosis and prognosis, the cerebrospinal fluid and 
encephalography, disorders of sleep and intracranial tumors arc good There are 
a useful index and provocative references 

Both elementary and advanced students of neurology will find this book a 
useful and practical text 

Our Inner Conflicts By Karen Korney, M D Price, §2 75 Pp 250 New 
York W W Norton & Company, Inc , 1945 

In this book, Dr Homey continues the elaboration of her ideas of the nature 
and dynamics of the neurotic character structure, with their challenge to the 
orthodox, strictly freudian psychoanalytic concepts, which she elaborated in her 
previous works This volume presents the thesis that “the conflict born of 
incompatible attitudes constitutes the core of neurosis and therefore deserves to 
be called basic It is the dynamic center from uhich neuroses emanate 

neuroses are an expression of a disturbance in human relationships ” 

The various methods and technics which neurotic persons use to attempt to 
“solve” this basic conflict are then delineated, with Korney’s usual lucidity of 
description and penetration of clinical observation She classifies these neurotic 
mechanisms into the following general groups moving toward people, moving 
against people, moving away from people, the idealized image and externalization 
A vivid picture, of neurotic hopelessness as the vault of unresolved conflicts is 
drawn and a theory of its relationship to sadistic trends suggested 

There is one problem that this book by its very nature, raises but does not 
answer, namely What are the cause and the nature of the disturbance in human 
relationships that produces the basic conflict and then the neurotic character struc- 
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tures^ This defect is also i effected in the section on the means by which cure is 
effected in therapy, which, though optimistic, appears vague and general, in con- 
trast to the preciseness and sharpness of the preceding sections 

Shock Treatments and Other Somatic Procedures in Psychiatry By 

L B Kalinowski and P H Hoch Cloth Price, $4 50 Pp 294 New York 

Grune & Stratton, Inc , 1946 

Kalinowski and Hoch have prepared a concise formulation of the results of 
clinical experience with and expeiimental woik on the shock treatments and other 
somatic procedures used in therapy Insulin shock treatment and the convulsive 
therapies are discussed m detail with regard to organization of treatment, 
technic , indications and contraindications , complications , medical, psychiatric, 
psychologic, neurologic, electroencephalographic and neuropathologic observations, 
prognosis, and results There follow short chapters on other pharmacologic and 
physical therapies and on prefrontal loDotomy A review of theoretic considerations 
concludes the text 

From a thorough knowledge of the extensive literature and a wide experience 
in the field, the authors have prepared this authoritative, well organized, lucid 
discussion of the subject Controversial matters are objectively presented, and 
the authors’ position is briefly stated For details the reader is referred to the 
extensive bibliography The authors take the position that the shock therapies 
properly applied in time are effective in many cases of schizophrenia and in the 
affective psychoses Adverse reports in the literature are critically evaluated, 
and detailed recording of the type of case mateiial, technic and end results is 
urged in future work 

The authors, however, are frank to confess that “we are treating empirically 
disorders whose etiology is unknown with shock treatments whose action is also 
shrouded in mystery’’ 

This volume should prove useful as an introduction to these therapies for 
students and physicians It is a good reference work for psychiatrists who are 
advising or applying shock treatment 

The Biology of Schizophrenia By Roy G Hoskins Pp 191 Price, $2 75 

New York W W Norton & Company, Inc, 1946 

The material in this book is a slightly amplified version of the Salmon 
Memorial Lectures delivered by Dr Hoskins m 1945 In this book the authoi 
has summarized his viewpoint It is essentially a call to the medical profession not 
to neglect the retort and microscope in the deluge of the facile and seductive 
psychoanalytic approaches to mental disease 

In the first section, the author traces the development of man from an isolated 
atom to his present integrated self in society — quite an optimistic undertaking for 
sixty-seven pages' No issue is taken with the author’s statements, but one wonders 
what his purpose was in initiating a review of so vast a subject, which of necessity 
had to be brief and which for the most part is known to the average scientific 
reader For example, he allots exactly five brief pages to a subject he heads 
“The Nature of Man ’’ 

In the second section, he describes schizophrenia, again in such a brief manner 
that it suffers from underdescription The inability to “empathize” is the psj^- 
chologic core of the schizophrenic process However, the author believes that 
schizophrenia is definitely a disease entity and that the substratum is an organic 
one With this view in mind, he has conducted many years of investigation 
particularly on the endocrine system His own work and the work of others are 
briefly summarized in the last section Research has attacked the schizophrenic 
patient from the vestibular canals to his vitamin tolerance Metabolism, circu- 
latory diffei dices and the endociine glands, individually and collectlvel 3 ^ have 
been studied No conclusions of anj' significance have as yet been drawn But 
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the author is exceedingly optimistic He sincerely believes that the solution lies 
in a qualitative and quantitative refinement m methods of investigation 

The book suffers from brevity, albeit the promising nature of the titles Schizo- 
phrenia in its biologic setting is but postulated Its proof in this book goes begging 
The volume is recommended as an important contribution to the subject 

Principles of Dynamic Psychiatry By Jules H Masserman, AID Pp xix, 
plus 322 Price, §4 Philadelphia W B Saunders Company, 1946 

In this book, the second in a senes of three (or more), Dr Alasserman intends 
to make clear to the student the mass of material rapidly accumulating which is 
being organized into what is known today as dynamic psychiatry He succeeds 
w'ell in the first part of the book, in which he discusses the development of 
behavioral theories, from the behaviorism of Watson to the psychoanalysis of 
Freud and the psychoanalysis as it is practiced today The Gestalt conceptions, 
the Aleyerian psychobiology, the Adlerian schools, the Homey group (albeit briefly 
dismissed), the Pavlovian reflexology and the descriptive formulations of Kraepelin 
and Bleuler, all are discussed and criticized Dr Alasserman pays his respects to 
all of them but calmly drops small fragmentation bombs in their midst, picking up 
some of the pieces and emerging with his own “biodynamic formulations of 
behavior,” which is his concept of the true dynamic psychiatry 

He proceeds by setting down a set of criteria which he believes psjchiatry 
should attempt to fulfil if it wishes to be classed among tbe sciences Therefrom 
spring his four principles of dynamic psj'chiatry (1) principle of motivation, (2) 
principle of experimential interpretation and adaptation, (3) principle of deviation 
and substitution and (4) principle of conflict But that is not all Based on his 
experimentation (briefly summarized in this book but extensively presented in his 
volume “Behavior and Neurosis,’ published in 1943), he has evoked at least five 
corollaries to each principle 

The author says of his ow'n formulations that they “fall far short of covering 
all the phenomena of behavior and their possible interrelationships ” However, 
the review'ers believe that his biodynamic formulations are instructive, stimulating 
and, above all provocative of further thought, study and, especially, experimenta- 
tion Without doubt, the author will W'elcome any changes or regrouping of his 
formulations provided such are based on biodynamic principles of study If he 
does not have the answ'er now% he has certainly opened a new" road to research 
in psychiatry, which he invites all to travel w'lth him The “principles” as pre- 
sented in this volume are not as fully developed as one would like, and it is 
hoped that the author’s “Practice of Dynamic Psychiatry,” now in preparation, 
will supply the integration, making his formulation more dynamically applicable 
to clinical material 

A serious criticism of a book of this kind intended for students is that it suffers 
from the complicated language used Words such as solipsism, eschatalogic,, 
paranodic, epinosic, ecdemomania, ecdysiasm, eleutheromania, eutelegenesis, gelasmus, 
hetairism, hyponoic, koinotropy, letheomania, misocainia, pleniloquence, pleonexia 
and ululation do not add to quick understanding of ideas On the other hand, the 
case illustrations and the illustrative psychoanalysis of a neurotic personality are 
very useful in elucidating the text 

The next book in the series is anticipated, but a change in the semantic style is 
recommended 
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T he present experiment is designed to investigate the effect 
of I (-{-) 'glutamic acid on mental functioning in human subjects 
and is an outgrowth of a lecent study by Zimmerman and Ross ^ on 
the effect of glutamic acid on maze learning in the white rat In that 
experiment 200 mg of glutamic acid was added to the diet of normal 
white rats for two weeks and its administration continued during the 
period of training It was found that the glutamic acid group learned 
a simple maze much faster than the control group In fact, the total 
number of trials required to learn was less than half that taken by 
the controls The results were statistically significant m terms of time 
and accuracy scores, as well as m numbei of trials required to master 
the maze The enhancement of learning was sufficiently striking to 
warrant an experimental investigation in the clinical field, especially 
since Price, Waelsch and Putnam,^ in reporting on the incidence of 
petit mal and psychomotor seizures, observed a “universally increased 
mental and physical alertness” in the patients treated with glutamic 
acid and noted that the “degree of improvement in mental efficiency 
could not be correlated with the incidence of seizures ” 

The above mentioned experiments on the simple maze also suggested 
to Albert and Warden® the possibility that adding I (+) -glutamic acid 

The expenses of this investigation were defrayed in part by a grant from the 
Commonwealth Fund, supplemented by a grant from the Putnam-Salzer Gift 

From the Department of Neurology, Columbia University College of 
Physicians and Surgeons, and the Department of Psychology, Neurological Insti- 
tute of New York 

1 Zimmerman, F T, and Ross, S Effect of Glutamic Acid and Other 
Ammo Acids on Maze Learning in the White Rat, Arch Neurol & Psychiat 51 : 
446-451 (May) 1944 

2 Price, J C , Waelsch, H , and Putnam, T J df-Glutamic Acid Hydro- 
chloride m the Treatment of Petit Mal and Psychomotor Seizures, JAMA 
122 1153-1156 (Aug 21) 1943 

3 Albert, K E, and Warden, C J The Level of Performance in the White 
Rat, Science 100.476 (Nov 24) 1944 
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to the normal diet might enable white rats to leain more complex prob- 
lems as well These investigators, using a problem box,^ found that 
supplementing the normal diet with I (-|-) -glutamic acid did cause 
white rats to advance further in a series of increasingly difficult problems 

materials and methods 

Choice of Patients — The patients m this study form only a fractional part of 
the larger experiment now in progress, but results so far obtained seem to justify 
a preliminary report The larger group includes children and adolescents who are 
mentally retarded or have convulsive disorders The patients were selected by both 
neurologic and psychologic criteria Neurologically they were selected so as to 
avoid, as nearly as possible, complicating organic features This, however, could 
not be done in every instance, especially m the group with convulsive disorders 
Psychologically, they were selected so as to obtain the effect of glutamic acid on 
mental ability in all age groups from childhood to adolescence at various intellec- 
tual levels Seven of tlie 9 subjects completing the experiment are patients with 
convulsive disorders Two are mentally retarded without convulsions 

The control group was selected primarily to ascertain the effect of control of 
seizures for varying periods of time on intelligence Experiments on 9 subjects 
have been completed 

Dosage — After neurologic examination and appropriate laboratory studies, an 
imtial psychometric test was performed Glutamic acid was then administered in 
gradually increasing doses The dose was increased to the point where increased 
motor activity was apparent This dosage was then maintained or reduced, 
depending on the degree of motor activity evoked The criterion of increased 
motor activity was used, since this effect on rats was uniformly observed in the 
maze experiment 

Since much of the acid is lost by metabolism in the liver, by transamination and 
by competition of the various organs of the body for this essential amino acid, the 
effective dose must be determined empirically for each individual patient The dose 
may range from 6 to 24 Gm per day, but on the average 12 Gm is sufficient It is 
admimstered orally in tablet, powder or capsule form Gastric distress is occas- 
ionally observed, but this can usually be obviated by discontinuing treatment for a 
few days and then beginning with smaller doses, which are gradually increased as 
tolerance develops Table 1 shows the amount of glutamic acid given to each 
patient in the experimental group, as well as the data on reduction of seizures 

Methods of Testing — ^The patients were tested at the beginning and end of a 
SIX month period in which they received glutamic acid therapy They ranged in 
age from 16 months to 17 5 years, so that different measuring instruments were 
required for different age levels, as well as separate treatment of data Prior to 
glutamic acid therapy, 6 of the group were given the Stanford-Binet intelligence 
test, form L, 1937 revision®, 1 was tested with the Wechsler-Bellevue scale®, 

4 Warden, C J , Jenkins, T N, and Warner, L H Comparative Psychol- 
ogy, New York, The Ronald Press Co , 1935, vol 1, pp 350-354 

5 Terman, L M , and Merrill, M A Measuring Intelligence, New York, 
Houghton Mifflin Company, 1937, p 461 

6 Wechsler, D The Measurement of Adult Intelligence, Baltimore, Williams 
& Wilkins Company, 1939 
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2 were given the Kuhlmann-Binet test ^ , 5, performance tests (Arthur point scale ^ 
or the Merrill-Palmer test^), and 7, the Rorschach mk blot test^o Retests with the 
same battery were made after the six month interval 

RESULTS OF TESTS 

Table 2 shows the results of the Stanford-Bmet test 


Table 1 

— Data on Medication and Redaction of Seisiires in the Experimental Gioitp 

Case 


Duration of 
Disorder on 

Number of Seizures 
/ 


No 

Diagnosis 

1st Test 

Before Medication 

Reduced to 

Medication 

1 

Idiopathic 
petit mal 

Syr 

1 per day 

None 

Phenobarbital, 0 06 Gm 
t i d , glutamic acid, 2 Gm , 
increased to 4 Gm t 1 d 

2 

Idiopathic 
petit mal 

2 yr 

7-9 daily 

1 2 daily 

Glutamic acid, 4 Gm t i d 

3 

Idiopathic 
grand and 
petit mal 

3% yr 

Petit mal 

10 14 per week, 
grand mal 

1 2 per week 

None 

Diphenylhydantoin, 0 1 Gm 
(per day, changed to methyl 
phenylethylhydantoin, 0 1 

Gm q 1 d glutamic acid 

4 Gm t i d 

4 

Nonconvulsive disorder- 

-mental retardation 


Glutamic acid, 2 Gm 
t 1 d , increased to 4 Gm 
t 1 d , then reduced to 

3 Gm t i d , 

5 

Idiopathic 
grand mal 

9 yr 

1 every 

3 4 mo 

Same fre 
quency, less 
severe 

Diphenylhydantoin, 01 Gm 
bid, phenobarbital, 003 
Gm t i d , glutamic acid 

4 Gm , increased to 6 Gm 
t 1 d 

6 

Idiopathic 
grand and 
petit mal 

6yr 

1 per day 

None 

Diphenylhydantoin, 0 1 Gm 
bid, phenobarbital, 0 03 
Gm bid, glutamic acid, 

2 Gm , mcreased to 8 Gm , 
t 1 d 

7 

Idiopathic 
grand mal 

4 yr 

1 per mo 
for 1 yr , 
free past 

3 yr 

None 

Diphenylhydantoin, 0 1 Gm 
t 1 d , phenobarbital, 0 03 
Gm t i d , glutamic acid, 
2 Gm , mcreased to 4 Gm 
t i d 

5 

Nonconvulsive disorder- 

-mental retardation 


Glutamic acid, 2 Gm , 
reduced to l Gm , mcreased 
to 4 Gm t i d 

9 

Idiopathic 
grand mal 

10 mo 

Prom 10-14 
daily to 1 
per day 

None 

Phenobarbital 0 03 Gm 
o d , glutamic acid, 

2 5 Gm t 1 d 


One subject (case 7), aged 16 years 5 months at the time of the 
first test, was tested with the Weschsler-Bellevue scale,® and the results 
appear in table 3 

7 Kuhlmann, F A Handbook of Mental Tests, Baltimore, Warwick & 
York, Inc., 1922 

8 Arthur, G A Point Scale of Performance Tests, New York, The Com- 
monwealth Fund, 1930 

9 Stutsman, R Mental Measurement of Preschool Children, Yonkers-on- 
Hudson, World Book Company, 1931 

10 Rorschach, H * Psychodiagnostik, Berne, E Bircher, 1921 
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Results of the performance tests are given m table 4 
Rorschach records weie obtained from 7 of our 9 subjects before and 
after treatment with glutamic acid, and the results revealed increased 
productivity following the six month interval in all cases Technical 


Table 2 — Ages and Scoies on Stanford-Binet Intelligence Test of Expci unental 

Group 




Intelligence Quotient 

Case No 

Age at First Test 

First Test 

\ 

Ectest 

1 

10 yr 2 mo 

131 

138 

2 

4 yr 6 mo 

116 

127 

o 

6 yr 1 mo 

67 

72 

i* 

17 jr 7 mo 

57 

64 

5 

13 yr 8 mo 

47 

6G 

G 

12 yr 10 mo 

45 

54 

* The patient had a nonconvulsive disorder 


Table 3 — Results of the 

Wechslei -Bellevue Test 



Initial Test 

Ectest 

Full scale quotient 

107 

120 

(average) 

(superior) 

Verbal quotient 

100 

lie 

Performance quotient 

105 

U9 

Subtests 

Information 

11 

11 

Comprehension 

11 

11 

Arithmetic 

12 

17 

Digits 

9 

9 

Similarities 

8 

11 

Vocabulary 

13 

13 

Picture completion 

10 

10 

Picture arrangement 

12 

17 

Object assembly 

0 

U 

Block designs 

10 

18 

Digit symbols 

13 

14 


Table 4 — Changes in Mental Age on Performance Tests in 
Evpenmental Group 



Mental Age, 

Mental Age, 

Case No 

Test 

First Test 

Ectest After 6 Mo 

1 

Arthur 

10 yr U mo 

15 yr 8 mo 

2 

Merrill Palmer 

4 yr 3 mo 

6 yr 4 mo 

3 

Merrill Palmer 

3 yr 1 mo 

3 yr 11 mo 

4 

Arthur 

7 yr 0 mo 

8 yr 10 mo 

5 

Merrill Palmer 

3 yr 11 mo 

4 yr 7 mo 


difficulties of interpretation prohibit our including a detailed analysis 
of the records in this paper, this will be dealt with m a report on the 
large experiment now in progress It seems worth while, however, to 
include a sample record (case 3) here, in order to illustrate that the 
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retest records were characteristically more dynamic than the initial 
records and suggested basic changes in the personality structure 


Rorschach Record 1 
Initial Test 

Intelhgence quotient 67 
Age 5 yr 1 mo 


Rorschach Record 2 
Retest 


Intelhgence quotient 72 
Age 5 yx 7 mo 


Card 

Ao 

Seconds 

Betore 

Response 

Response 

Card 

Ko 

Seconds 

Before 

Response 

Response 

1 

4 

A boat 

I 

7 

Two men 

II 

2 

A boat 

n 

5 

A tree— no— I have a Christmas 

III 

2 

About 

III 

8 

tree — two red firemen (inquiry) — 
here is the driver (points to right 
Bide)— and here’s the follow that 
rides on the baek (points to the 
left side) 

I don’t know Two little ducks 

IV 

1 

A boat 

IV 

17 

swimming 

I don’t know A tad— a pussy 

V 

1 

A boat 

V 

12 

cat’s tad 

I don’t know An Indian 

VI 

3 

A boat 

VI 

6 

A cross 

Vll 

2 

A boat 

VII 

17 

I don’t know Two little Indians 

VIII 

1 

A boat 

VIII 

5 

fighting 

A Christmas tree 

IX 

3 

A boat 

IX 

6 

Two little Indians 

X 

2 

A boat 

X 

3 

A Christmas tree 


In cases 8 and 9 the Kuhlmann-Binet test " was required because of 
serious retardation 

Case 8 —The chronologic age at the time of the first test was 2 years A basal 
mental age of 3 months was established, all tests for the six month level being 
creditable except for reaction to source of sound In tests at the 1 year level 
sitting unsupported and imitation of movement constituted the child’s highest suc- 
cesses As scored, her performance rated 8 months 

A retest after a six month period revealed a basal mental age of 6 months No 
credit for speech was possible, although she then had a better understanding of 
words A striking improvement m the motor field was seen m her ability to walk 
with help and to lower herself from a standing to a sitting position, although she 
did the latter in an awkward manner Her highest successes now consisted in 
cooperation m dressing, as she held out her arm when attempts were made to put on 
her coat, recognized objects and spit out solids, according to report As scored, 
her performance on the retest rated 14 4 months, which is a gain in mental age of 
slightly more than 6 months in a six month interval, a normal rate of development 

Case 9 —Chronologic age at the time of the first test was 16 months On the 
Kuhlmann-Binet material, carrying the hand or object to the mouth, reacting to 
sudden sounds and binocular coordination were creditable at the 3 month level 
The child’s highest questionable reaction was to source of sound at the 6 month 
level His total performance measured just short of the 3 month level 

Retests six months later showed creditable results in all tests at the 3 month 
evel In tests at the 6 month level, balance, source of sound and use of the oppos- 
ing thumb earned credit The most noticeable feature was the child’s ability to 
walk alone and to sit alone These earned credit at the 1 year level According 
to report, he was also said to spit out solids, a performance giving him credit 
at the 18 month level His total performance now rated 72 months and represented 
a gam in mental age of more than 4 months in an interval of six months 
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EFFECT OF CONTROL OF SEIZURES ON INTELLIGENCE 

Seven of the 9 subjects completing the experiment are patients with 
convulsive disorders, and 2 are mentally retarded without convulsions 
Such a sample, consisting almost entirely of patients with convulsive 
disorders, presents a special problem in estimating the effect of glutamic 
acid on mental functioning, since it raises the question whether control 
or reduction of seizures may result m an increase in psychologic test 
scores 

Several statistical studies which have appeared fail to demonstrate 
a positive relationship between reduction in number or severity of 
seizures with anticohvulsive medication and increase in intelligence 
quotient on the Stanford-Binet test Much of the work done has con- 
cerned Itself with the problem of mental deterioration and its arrest 
under drug therapy Dawson and Conn,^^ Kugelmass, Poull, and Rud- 
nick,^^ and others reported that children showed a decrease m intelligence 
quotient scores if medication failed to decrease the number and severity 
of seizures but did not establish the fact that reduction or control resulted 
directly m an increase of scores 

Yacorzynski and Arieff,^^ in studying 63 patients with “nonorganic 
epilepsy,” subjected 49 to bromide therapy over a period of six months 
to five years, gave 9 phenobarbital from one to four years and kept 5 
without medication Fourteen of the patients were under 16 years of 
age All patients were given the Stanford-Binet test two to four times 
during an interval of one to seven years The authors concluded 
that changes in individual scores are not associated with bromide treat- 
ment and that “there appears to be no relationship between the reduc- 
tion m the number or severity of seizures and the changes of the intelli- 
gence quotients ” 

Similar findings were reported by Fetterman and Barnes in their 
study of 46 adult patients under phenobarbital therapy who were 
retested with the Stanford-Binet scale after two years, the data sug- 
gesting that “the intelligence quotient is not materially altered by the 
continued use of sedative drugs ” Collins also concluded that pheno- 
barbital has little effect on intelligence 

11 Dawson, S , and Conn, J C M The Intelligence of Epileptic Children, 
Arch Dis Childhood 4 142-151, 1929 

12 Kugelmass, I N , Poull, L E, and Rudnick, J Mental Growth of 
Epileptic Children, Am J Dis Child 55 295-303 (Feb ) 1938 

13 Yacorzynski, G K , and Arieff, A J Absence of Deterioration in Patients 
with Nonorganic Epilepsy with Especial Reference to Bromide Therapy, J Nerv 
& Ment Dis 95 687-697, 1942 

14 Fetterman, J, and Barnes, M R. Serial Studies of the Intelligence of 
Patients with Epilepsy, Arch Neurol & Psychiat 32 797-801 (Oct ) 1934 

15 Collins, A J Psychometric Records of Institutionalized Epileptics, J 
Psychol 11 359-370, 1941 
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Ross and Jackson^® reported on the effect of diphenylhydantoin 
given to a series of 73 patients, ranging in age from 11 to 51 years, 29 
of whom had a disorder diagnosed as idiopathic epilepsy These patients 
received 01 to 0 5 Gm of diphenylhydantoin sodium daily over an 
interval of twelve to eighteen months and were tested and retested 
with the Stanford-Binet scale In 65 per cent of the group seizures 
were reduced 75 per cent or more, and the authors stated 

One might expect that with the heightening of interest, initiative, and alertness 
shown by many of the patients, tlieir intelligence ratings would be raised They 
actually give the impression of being more intelligent than at the beginning of 
treatment However, this appearance is deceptive, for there obtained practically a 
balance between raised and lowered intelligence ratings in the face of equivalent 
seizure reduction 

Performance tests (the Arthur scale) were also given, and results were 
more striking 

Performance ratings were raised appreciably in a small percentage of patients 
The drug seemed to have a greater beneficial effect m this capacity than on 
intelligence 

Peoples and Tatum found no significant change in the intelligence 
of 12 morons and idiots treated with diphenylhydantoin, but 5 showed 
gams m the motor field and improvement in general behavior 

It seems necessary to accept with reservations some of the evidence 
from the literature for groups which include adults because of the 
questionable validity of intelligence “quotients” so obtained with the 
use of the Stanford-Binet scale on adult groups Since the Stanfoid- 
Binet scale assumes a linear relationship between chronologic age and 
mental age, which does not hold for adults, it appears wiser to substitute 
“score” for “intelligence quotient” in interpreting results of tests for 
adults Nevertheless, the same lack of improvement in retest scores 
does seem to be indicated among adults as is found among children with 
convulsive seizures which are controlled or reduced by medication 

Control Group — As a check on the findings of other investigators 
and on the results for the present experimental group, clinic children 
and adolescents are being studied who were tested before and after a 
period in which convulsive seizures were controlled or appreciably 
reduced by medicaments other than glutamic acid To date, 9 such 
children have been studied, and data obtained from this control group 
are presented in table 5 

16 Ross, A T , and Jackson, V Dilantin Sodium Its Influence on Conduct 
and on Psychometric Ratings of Institutionalized Epileptics, Ann Int Med 14 ; 
770-773, 1940 

17 Peoples, S A., and Tatum, A F * Dilantin Sodium Therapy in Deterio- 
rated Epileptics Refractory to Other Treatment, J M A Alabama 12:197-199. 
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For 1 subject only was the intelligence quotient raised (1 point), 
whereas for 7 of the 9 subjects a decrease in score occurred, as is shown 
in table 6 Even though the control group is a small one, the data 
certainly do not suggest that an increase in the intelligence quotient 

Table S — Data on Reduction of Seizures in the Control Group 


Number of Seizures 


Case 


Duration of 
Disorder on 

/ 

Before 

> 


No 

Diagnosis 

First Test 

Medication 

Reduced to 

Medication 

1 

Idiopathic 
grand mal 

3 mo 

1 per hr 

None for 6 mo 

Diphenylhydantoln, 

0 00 Gm t 1 d 

2 

Idiopathic 7 yr 

focal motor 
cortical seizures 

2 0 per mo 

None for 1 yr 

Fhenobarbital, 0 016 Gm 
t 1 d 

3 

Idiopathic 
grand mal 

3 yr 

Scries 

None for 4 yr 

Phcnoharbltal, 0 03 Gm 
bid, diphenylhydantoln, 
0 03 Gm per day 

4 

Idiopathic 
grand and 
petit mal • 

6 yr 

1 3 grand mal 
daily, 10 200 
petit mal 
daily 

No grand mal 
for 1 yr , petit 
mal, 1 2 daily 

Fhcmltone, 2 Gm q 1 d 

5 

Idiopathic 
petit mal 

6 mo 

10 16 dally 

None for 11 mo 

Fhenobarbital, 0 016 Gm 
t I d 

6 

Idiopathic 
petit mal 

lyr 

3-0 daily 

None for2yr 

Diphenylhydantoln 0 1 Gm 
t 1 d 

7 

Idiopathic 
grand and 
petit mal 

5 yr 

4 7 grand mal 
dally, 10-16 
petit mal dally 

None for 3 yr 

Dlphenylhydantoin, 0 1 Gm 
t 1 d , phcnobarbital, 

0 03 Gm t i d. 

8 

Idiopathic 
grand mal 

3yr 

10-15 a mo 

None for 11 mo 

Fhenobarbital, 0 1 Gm 
per day 

9 

Idiopathic 
grand and 
petit mal 

6 yr 

6 grand mal 
and petit 
mal daily 

No grand mal 
for 3 yr , no 
petit mal 
for C mo 

Diphenylhydantoln, 0 1 Gm 
t 1 d 


* A severe organic condition is also present 


Table 6 — Age and Intelligence Test Scoies of Control Group 


Case 

No 

1 

2 

3 

i. 

5 

6 

7 

8 
9 


Date Intelligence Quotient 

Age at , * j , 

First Test First Test Seeond Test First Test Second Test 


8 yr 

0 mo 

October 

1945 

March 

1040 

110 

110 

5 yr 

5 mo 

December 

1930 

May 

1941 

103 

99 

0 yr 

3 mo 

September 1941 

March 

1940 

93 

90 

7 yr 

4 mo 

October 

1942 

May 

1943 

93 

72 

0 yr 

11 mo 

June 

1943 

March 

1940 

90 

74 

7 yr 

11 mo 

October 

1943 

February 

1940 

86 

70 

12 yr 

0 mo 

January 

1943 

October 

1943 

71 

64 

9 yr 

0 mo 

November 1944 

March 

1940 

70 

71 

8 yr 

11 mo 

March 

1942 

January 

1940 

60 

63 


accompanies reduction of seizures Our results, therefore, agree sub- 
stantially with others reported in the literature 

Evaluation of Experimental Results — The results given in table 2 
are in striking contrast to those obtained for the control group (table 6), 
since in every instance a definite increase in the retest intelligence quo- 
tient appears in the experimental group Some of the change may be 
accounted for in terms of practice effect, although it is believed that this 
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IS negligible, and some in terms of variability in retest scores Variability, 
however, is just as likely to produce a lowering in the individual retest 
score as it is to result m a higher quotient Ross and Jackson pointed 
out that a gam of 10 points or more m the retest quotient of 6 of their 
73 patients was offset by a loss of 10 points or more in the quotient of 
4 other patients Because chance fluctuations tend to balance each other 
in this way, little change m the average intelligence quotient for a group 
is to be expected from chance factors For all their 63 patients, Yacor- 
zynski and Arieff obtained an average shift m the intelligence quotient 
of only 1 3 points, which is not significant Their findings are similar 
to those of other investigators, showing only small differences in retest 
scores and do not reveal a consistent trend in a positive direction, as do 
our retest intelligence quotients 


Table 7 — Dispersion of Retest Scores on the Stanford-Binet Test* 



Probable 

Pour Times 


Error of 

Probable Error of 


Intelligence 

Intelligence 


Quotient, 

Quotient, 

Intelligence Quotient 

Points 

Points 

130 and over 

S54 

1416 

no - 129 

329 

13 16 

90-109 

3 04 

12 16 

70- 89 

2 60 

10 40 

Below 70 

149 

5 96 


* After Terinan and Merrill ® 


Table 8 — Changes in Intelligence Test Scoies of the Experimental Gionp 
Given the Stanford-Binet Test 



First 

Intelligence 

Retest 

Intelligence 

Point 

Chances of a 

Case 

Quotient 

Quotient 

Change 

Significant 

No 

(Average 77) 

(Average 85) 

+ — 

Difierence 

1 

131 

138 

7 

80 m 100 

2 

115 

127 

12 

98 in 100 

3 

67 

72 

6 

97 in 100 

4* 

67 

64 

7 

100 in 100 

5 

47 

66 

9 

100 in 100 

6 

45 

64 

9 

100 in 100 


* This patient had a nonconvulsive disorder 


In evaluating test reliability, level of intelligence is a potent factor 
Terman and Merrill® have shown that the dispersion of retest scores 
on the Stanford-Binet test increases with the higher intelligence quo- 
tients, as shown in table 7 This means there is practical certainty that 
a variation of 14 16 points or more would not occur by chance for a 
subject with an intelligence quotient of 130 or more, or one of 5 96 points 
or more for a subject with an intelligence quotient of 70 or below 

Analysis of our data according to the Terman and Merrill criteria 
IS presented in table 8 
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It may readily be seen from table 8 that for the group our data 
yield an average increase of 8 points m intelligence quotients on retest, 
with no negative deviations whatsoever Of special importance is the 
fact that for the subjects with the three lowest initial scores, one of 
whom has a nonconvulsive disorder, statistically significant differences 
in retest quotients are indicated Higher quotients would least be 
expected for persons with this degree of retardation, since under ordi- 
nary conditions the discrepancy between chronologic and mental age 
tends to grow wider as chronologic age increases and more often results 
in a lowering of the intelligence quotient 


M 


IZ 




C^hiroiAologit Age, Yi- 


/{.ttoyy convultivt) 


t6 


FiS 1 — Relation of mental age to chronologic age before and during glutamic 
acid therapy for 5 patients with convulsive disorders and 1 patient with a non- 
convulsive disorder as shown by verbal test scores The previous rate of 
development is shown by the broken line, the rate during therapy, by the solid line 

Impressive as are these changes in intelligence scores, their signifi- 
cance becomes even clearer when they are viewed as ratios of mental 
age to chronologic age (fig 1) 

For all subjects, sharp, positive increments in mental ages are 
apparent after treatment with glutamic acid with the mental ages of the 
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low grade subjects increasing at a rate faster than is expected in children 
of average intelligence (fig. 2). 

Table 6 shows a positive change of 13 points in the full scale Wechs- 
ler-Bellevue quotient, with some gams on both verbal and performance 
sections, results being consistent with those obtained on the Stanford- 
Binet tests. Consistent increases m individual performance scores are 
apparent, without negative deviations, as they are on the verbal intelli- 
gence test material Some gains would, of course, be expected, because 
the group is older on retest If, however, the scores are considered 



Treqtmen-1- Period, Ko 

Fig 2 — Increment in mental age during glutamic acid therapy in 3 mentally 
retarded children, 2 of whom had convulsive disorders, as shown by verbal test 
scores Subject 3 made a gam in mental age of 7 months, subject 4, a gam of 14 
months, and subject 5, a gam of 16 months, in a six month experimental period 
The expected rate of development (shown by the solid line) in children of average 
intelligence is 6 months m a six month period 

in connection with chronologic age (fig 3), more than the normally 
expected rate of increase is maintained, and more than m the case of the 
verbal intelligence test material 

In the control group, however, a slight gain m retest performance 
scores is also indicated, and it is believed that m both groups reduction 
of seizures may account for some of the improvement found on motor 
tests 
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As shown in the first Rorschach record in the case cited, little rela- 
tionship exists between concept and blot for any of the cards, responses 
being typical of very young children, who frequently show perseveration 
on an idea which seems acceptable to them '' In contrast to this, the 
responses of the second record are of very good form quality and without 
exception fit the contour of the blot material While the retest records 
of all subjects in our experimental group do not show such striking 
improvement as does that in the case cited, each is definitely more pro- 
ductive This suggests that glutamic acid has an effect on mental func- 
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Fig 3 — Relation of mental age to chronologic age, expressed in years, before 
and during glutamic acid therapy for 4 patients with convulsive disorders and 
1 patient with a nonconvulsive disorder, as shown by performance test scores 
The previous rate of development is shown by the broken line, the rate during 
glutamic acid therapy, by the solid line 

tioning, which not only is reflected in verbal and performance test scores 
but can be observed m rather basic personality changes, under the con- 
ditions of our experiment 

In cases 8 and 9 progress was much more rapid than would have 
been anticipated from the development prior to the glutamic acid therapy, 
results which are consistent with those for the rest of the experimental 
group 
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COMMENT 

On verbal, motor and personality tests given, definite improvement 
following glutamic acid tlieiapy could be observed in each of our 9 sub- 
jects during a six month interval A number of experiments have pointed 
to the fact that I ( -f- ) -glutamic acid has a particular relation to cere- 
bral metabolism Weil-Malherbe reported that I (-f-) -glutamic acid 
is the only ammo acid known to be metabolized by slices of brain 
tissue Recent investigations of Nachmansohn and his associates sug- 
gest that the release of acetylcholine is intrinsically connected with the 
electrical changes during nerve activity They found that the energy 
of fhe action potential is derived from energy-rich phosphate com- 
pounds and concluded that these compounds yield the energy for the 
formation of acetylcholine As a result of these observations, they iso- 
lated an enzyme from the brain which synthesizes acetylcholine This 
enzyme, choline acetylase, becomes inactive on dialysis Addition of 
I (-[-) -glutamic acid reactivates the enzyme^’- 

While the precise mechanism of the action of glutamic acid on the 
rate of acetylcholine has still to be elucidated, the intrinsic connection 
of an acetylcholine with nerve activity and the demonstration of an 
increased rate of formation of acetylcholine in the presence of glutamic 
acid in vitro make it possible to assume that the physiologic basis of the 
observed effects of glutamic acid is in some way related to the formation 
of acetylcholine At present this seems to be the best interpretation 

SUMMARY 

The results here reported must be considered tentative because of 
the smallness of the group, but the consistent improvement reflected in 
the psychologic test scores under the conditions of our experiment sug- 
gests that glutamic acid may have a genuine facilitating effect on mental 
functioning in human subjects, as it does on maze learning m the white 
rat 

APPENDIX 

While the study is primarily objective, clinical observations m the 
main support the quantitative findings, and a clinical abstract of each 
case IS accordingly appended 

18 Weil-Malherbe, H Studies on Brain Metabolism Mechanism of 
Glutamic Acid in Brain, Biochem J 30 665-676, 1936 

19 Nachmansohn, D , Cox, R T , Coates, C W , and Machado, A L , Action 
Potential and Enzyme Activity in the Electric Organ of Electrophorus Electricus 
II Phosphocreatme as Energy Source of the Action Potential, J Neurophysiol 
6 383-396, 1943 

20 Nachmansohn, D , and Machado, A L The Formation of Acetylcholine 
A New Enzyme, “Qiohne Acetylase,” J Neurophysiol 6 397-403, 1943 

21 Nachmansohn, D , John, H M , and Waelsch, H Effect of Glutamic Acid 
on the Formation of Acetylcholine, J Biol Chem 150 485-486, 1943 
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Case 1 — A boy 10 years old had a history of petit mal attacks occurring on the 
average of one a day since the age of 2 years The general physical and neurologic 
status was normal A roentgenogram of the skull revealed nothing abnormal 
The electroencephalogram showed wave and spike formations and flat-topped 
slow activity dominating the pattern in all leads The pebt mal attacks were com- 
pletely controlled with phenobarbital, 0 06 Gm given three times a day After a 
psychometric examination he was given I (-1-) -glutamic acid, 2 Gm three times a 
day No change m behavior was noted When the dose was increased to 4 Gm 
three times a day, the mother reported that he was very restless and overactive 
His teacher reported poor conduct m school, which seemed to be due to greater 
distractibility He continued to be free of seizures as long as he remained under 
treatment with phenobarbital and glutamic acid 

The behavior of this patient can possibly be explained on the basis 
of lack of need of such large doses of glutamic acid, since his intelligence 
quotient was high in the first place 

Case 2 — A boy 4 years old had been having attacks of petit mal for two 
years There was a history of a head injury without loss of consciousness six 
weeks before the onset of the spells The physical and neurologic status was 
normal A roentgenogram of the skull and an electroencephalogram were normal 
Treatment with diphenylhydantoin sodium and phenobarbital was ineffective 
After a psychometric 'examination treatment with I (-k) -glutamic acid (3 Gm 
daily) was substituted The number of seizures dropped from seven or mne to 
one or two per day The dose increased to 6 Gm per day, after which the mother 
reported that the child was much more alert and active When the dose was 
gradually increased to 24 Gm per day, the child became very restless and over- 
active and was unable to sleep at 'night A subsequent dose of 12 Gm. per day 
maintained an optimum degree of activity and alertness He continued to have one 
to two seizures per daj 

Case 3 — A boy aged 5 years had been having attacks of disordered conscious- 
ness since the age of 16 months, beginning as petit mal and subsequently complicated 
with grand mal attacks Several physical and neurologic examinations showed 
nothing abnormal A roentgenogram of the skull revealed a disproportionately 
small cranial cavity, consistent with microcephaly After a psychometric exami- 
nation the boy was given 4 Gm of I (-k)-glutamic aad three times a day in 
addition to 0 1 Gm of diphenylhydantoin sodium daily, which he had been receiving 
previously The number of grand mal seizures was not affected, but the petit mal 
attacks dropped from ten or fourteen per week to four or seven per week The 
mother reported that the child was much more tractable Whereas previously he 
fought with the other children a great deal, he was now much more sociable 
and played with the other children nicely The change in behavior began to be 
apparent about two weeks after the start of the glutamic acid therapy 

The father, who had not seen the child for seven weeks and was unaware 
of the treatment, spontaneously remarked that he appeared much brighter and 
more alert 

When seen m the clinic, the child showed increased motor activity While 
previously he had sat quietly in his chair, he now was inquisitive and moved 
around frequently Two months later the family reported considerable improve- 
ment in memory He began to talk about the radio, which had been repaired 
over a year before He also began to remember the names of people, when 
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taken with his mother shopping, he remembered the various groceries she bought 
in different stores He also began to recognize colors He continued this 
improvement throughout the six month testing period. 

After a toxic reaction to an increased dose of diphenylhydantoin, treatment 
was changed to administration of methylethylphenylhydantoin, 0 1 Gm four times 
a day This drug, in conjunction with 12 Gm of glutamic acid, controlled both 
types of seizures completely 

Case 4— A girl aged 17 years, who appeared much younger than her chron- 
ologic age, gave a history of normal birth She walked at 15 months, said words 
at 2 years and used sentences between 2 and 3 years of age Although at one 
time she tended to stay by herself, she later became more friendly, but she played 
with younger children and was always the oldest m her group The situation 
was complicated by rejection on the part of the mother, who preferred an older, 
normal, daughter 

In the school which she attended for one year before coming to our attention, 
she was doing arithmetic at the fifth grade level and was reading at the seventh 
grade level On the playground she took part in all group activities but needed 
to be encouraged to do so In the dormitory she was slow but did everything 
for herself She was careless about her appearance and person and had to be 
given assistance at the time of her menstrual periods Occasionally she wet 
the bed or soiled herself, but this was apparently done in retaliation against a 
staff member whom she did not like Her relations with other children eventually 
became very poor She pinched, slapped and pushed them without any apparent 
provocation She became increasingly withdrawn, and because of this the 
parents were advised to remove the child and seek psychiatric advice 

When first seen, she appeared dull and withdrawn, did not hold herself 
erect and walked with a careless slouch She appeared untidy in her dress and 
person. She was obviously resentful toward her mother, who returned the senti- 
ment in good measure After a psychometric examination glutamic acid medica- 
tion was started She was first given 2 Gm three times a day, and the dose 
was gradually increased to 4 Gm three times a day With the latter dose she 
became very overactive and more antagonistic toward her mother The older 
sister, who was much, more impersonal in her observations than the mother, said, 
however, that the patient seemed to “think more about herself” The dose was 
reduced to 3 Gm three times a day, and she became more tractable, with evidence 
of more continued interest in things When she was seen at the end of the six 
month experimental period, her facial expression was more alert, and her nega- 
tmstic behavior was not so much in evidence, even in the presence of her mother 
She stood more erect, and her exaggerated slouch had disappeared 

Case S — A boy aged 13 years had been having attacks of grand mal since the 
age of 4 years He first came to our attention at the age of 2 years, when a 
diagnosis of serious mental retardation was made. He was premature and was 
bom by cesarian section A cousin had convulsions for eighteen years The 
general physical and neurologic status was normal Roentgenograms of the skull 
revealed no abnormality The pneumoencephalogram showed diffuse cerebral 
agenesis or atrophy and localized agenesis or atrophy in the anterior parietal 
region, with moderate general dilatation of the ventricular system The electro- 
cnceplialographic record was disorganized, with much low to medium activity 
everywhere, and was interpreted as definitely abnormal The patient had one 
attack every three to four months, usually rather severe and lasting from forty- 
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five minutes to one and one-half hours Diphenylhydantoin sodium, 0 1 Gm twice a 
day, and phenobarbital, 0 03 Gm three times a day, reduced the seventy of the 
seizures but not the frequency After a psychometric examination the patient 
was given 4 Gm of I (-{-) -glutamic acid three times a day, in addition to the 
diphenylhydantoin and phenobarbital About a month later his mother reported 
that he appeared to be more alert and attentive The dose was then increased to 
6 Gm three times a day Two months later his mother reported he was much 
more alert, was no longer shy and was making a much better social adjustment 
She said, “Before, the children would never play with him because he was too 
slow in grasping things Now they have accepted him, and he gets along fine 
with them He used to be seclusive — never wanted to go out — now he is anxious 
to go out and play with the other children He enters into the games and has 
a good time and is not shy any more Even the neighbors notice it ” 

Three months later his mother reported that in addition to the improvement 
already noted he “picks up the newspaper and sounds out the words, trying to 
read ” 

During the six month experimental period the seizures were not controlled, 
although they were less severe If anything, the frequency was increased to two 
or three attacks per month No great effort was made to control the seizures 
in order to see what effect the glutamic acid would have on mental ability in the 
presence of seizures 

Case 6 — A boy aged 12 years had been having grand and petit mal attacks 
on the average of one a day since the age of 6 years The general physical 
and neurologic status was normal A roentgenogram of the skull revealed an 
unusually thick calvaria and conspicuous diploic structures but no signs of increased 
intracranial pressure or intracerebral calcification The electroencephalographic 
record was quite abnormal, without alpha activity at any time An irregular 
mixture of medium voltage, slow activity was continuously seen, with frequencies 
varying from 3 to 6 per second In addition, many single “slow” spikes and 
atypical spike and wave groups were recorded from both occipital areas The 
record was considered grossly abnormal with convulsive patterns 

The grand and petit mal seizures were controlled with diphenylhydantoin 
sodium, 0 1 Gm twice a day, and phenobarbital, 0 03 Gm twice a day, after which 
the patient was given a psychometric examination and 2 Gm of I (-}-) -glutamic acid 
three times a day, in addition to the aforementioned medication One month 
later, although the seizures were still controlled, there was no visible evidence of 
improved mental status The amount of I (-}-) -glutamic acid given was then 
gradually increased to 8 Gm three times a day Two weeks after the inauguration 
of the latter dosage the patient appeared much more alert mentally, lost his 
indifferent manner and was genuinely interested in what went on about him His 
facial expression was no longer dull, and he smiled appropriately 

One month later his mother said, “He used to get lost when I sent him on an 
errand and couldn’t find the house Now he finds it easily ” She also reported, 
“He used to be very poor at riding a bicycle Now he is very good He used to be 
awkward and clumsy in handling eating utensils, such as a knife and fork, as 
though he didn’t quite know how to use them Now he handles them all right ” 
She said further, “He used to be a little uncertain in his gait Now I don’t notice 
It any more Then, too, he used to stutter a lot and fumble for words This has 
disappeared He was also ‘hard-headed’ and stubborn Now he is much more 
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tractable He hasn’t been to school for three years and was in the fourth grade 
Now they took him back to school and put him in 6 A He certainly isn’t nervous 
any more and ‘catches on’ a lot quicker” 

Case 7 — A girl aged 16 years had been having grand mal attacks since the age 
of 12 years, the seizures occurring on the average of once a month and lasting a few 
minutes The general physical condition was normal Neurologic examina- 
tion revealed nothing abnormal except for congenital nystagmus A roentgenogram 
of the skull was normal Three electroencephalograms were taken at the ages 
of 12, 14 and 16 years, respectively The patterns of all three were interpreted as 
consistent with a convulsive disorder, with a suggestion of a focus in the occipital 
area in the first two and a focus in the right parieto-occipital region in the third 
A pneumoencephalogram was also normal The patient had for three years been 
under treatment with diphenylhydantoin sodium, 0 1 Gm three times a day, and 
phenobarbital, 0 03 Gm three times a day, and had been free of seizures After 
a psychometric examination she was placed under a regimen of I (+) -glutamic acid, 
2 Gm three times a day One month later no change was noted She still 
presented her characteristic picture of Iistlessness and indifference, with a certain 
constant querulous way of discussing her problems From her facial expression 
she appeared apathetic and slightly anxious The dose of glutamic acid was then 
increased to 4 Gm three times a day, and when she was seen about five weeks 
later she was smiling and vivacious Whereas previously she had complained 
about her teachers and her inability to get good grades, she now said she was 
getting good marks and was no longer bothered by the teacher, though she still 
thought she was a “pill ” In later months she regained a normal interest in 
social activities and talked about her “dates,” dancing and so forth She has 
maintained this improvement to date with the same medication 

Case 8 — A girl 2 years of age had a history of retarded development, first 
noted about the age of 6 months Instrumentation was necessary at birth She had 
her first teeth at 6 months of age and seemed unusually quiet At 7 months she 
did not reach for things and did not try to sit up She sat up at 15 months, 
but at 2 years of age she made no effort to walk or talk She was bottle fed 
from birth, and at 23 months of age she was unable to hold her bottle The 
family history was noncontributory Physical examination showed defective 
musculature, with no evidence of abnormal control of muscular movements The 
condition was believed to be that of a developmental defect of the muscular 
system, with defective cerebral development as well Roentgenograms of the 
skull and spine revealed nothing abnormal Chronaxia showed no evidence of 
disease or defect of the lower motor neurons 

After a psychologic examination the child was given glutamic acid, 2 Gm 
three times a day One month later the parents reported that the child was more 
alert and attempted to gam their attention She was able to pile blocks one on 
the other, a performance of which she had not been capable before Medication 
was then discontinued for a month because of a gastric disturbance, and the child 
lost interest m her blocks and was unable to pile them up The medication was 
tlien started again, with a dose of 1 Gm of glutamic acid three times a day, and 
the dosage was gradually increased until she was able to tolerate 4 Gm three 
times a da> In the next two months she learned to pile up her blocks again and 
hegan to notice things When seen just before the end of the six month experi- 
mental period, she had a bright expression and showed motor o\eractivity She 
^\as able to pull herself up to a standing position and could w'alk ivith assistance 
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The attention span had increased considerably She reached for things, and when 
they were just out of her reach she persisted in trying to get them The parents 
also reported she said the words “da-da” after them. 

Case 9 — A boy 16 months of age had had a normal birth The mother noticed 
that the baby, although gaimng weight normally, never smiled, followed objects 
with his eyes or held objects in his hands His head also appeared slightly larger 
than that of other infants At the age of 6 months he began to have attacks 
characterized by flexion, stiffness and slight trembling of all four extremities 
These attacks lasted about two minutes and were followed by sleep for a half- 
hour or more They recurred from ten to fourteen times a day at first but 
later subsided to an average of one a day The patient was never able to sit up, 
roll around in bed or stand up Gam in weight and stature was apparently normal 
Physical examination revealed slight enlargement of the head, which was thought 
to represent abortive hydrocephalus The rest of the neurologic examination 
revealed no abnormalities Roentgenograms of the skull and spine were normal 
The seizures were controlled during the stay in the hospital with 003 Gm of 
phenobarbital daily 

After a psychometric examination, glutamic acid therapy was started, the dose 
gradually being increased to 2 5 Gm three times a day Four weeks later the child 
was observed to be more active, turning over and getting up on his knees Two 
months later he sat up without support, walked when held, was more playful and 
noticed things more At the end of the six month experimental period he main- 
tained his steady improvement and was walking alone 

710 West One Hundred and Sixty-Eighth Street 



NEUROLOGIC MECHANISM FOR CERTAIN PHENOMENA 

IN TETANY 
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T his paper is first and ‘foremost a contribution to the elucidation 
of the neurologic mechanism for the Trousseau and von Bonsdorff 
phenomena, with special regard to the changes in excitability of the 
nerve during and after ischemia In the second place, it is intended 
to throw further light on the mechanism for the spontaneously occur- 
ring symptoms of tetany. 

The Trousseau phenomenon signifies here the tetanic spasm fol- 
lowing pneumatic compression of the arm, while the von Bonsdorff 
phenomenon means the facilitation of tetanic spasm induced by hyper- 
ventilation after preceding compression of the arm Closer analysis 
shows, however, that not only the spasm but also the sensory symptoms 
of irritation of the typical spontaneous attack of tetany are obtained 
when these phenomena are piecipitated The spontaneous attack of 
tetany is, in fact, reproduced m detail One may therefore expect to be 
able to find a single explanation of all three phenomena It seems 
desiiable, therefore, to give first a brief survey of the spontaneous symp- 
toms of tetany 

As IS well known, the various symptoms of irritation m an attack 
of tetany manifest themselves in the following sequence First of all, 
tingling sets in around the mouth and, peripherally, m the extremities 
The tingling then increases in intensity, while it spreads proximally 
up over the extremities and over the face Somewhat later a sensation 
of tension or spasm appears in the muscles of the mouth, the hands 
and the lower portion of the legs This sensation of spasm increases 
in intensity and spreads in the same way as the tingling Somewhat 
later a tonic spasm sets in, commencing in the muscles in which the 
sensation of spasm first occurred If the attack is aggravated, the spasms 
spread proximally up over the extremities to the trunk Fasciculation 
in the muscles, verging on spasm, is common, though but little notice- 
able in man Spasm in the laryngeal muscles may set in at an early 
stage, as may also epileptic fits The last-mentioned symptom, however, 
lies beyond the scope of this paper As first shown by Grant and Gold- 
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man/ active tetany can easily be induced expenmentally by forced 
respiration 

The mechanism which produces these peculiar and spectacular symp- 
toms has long been obscure The results of the earlier experimental 
investigations on animals concerned with spasm and fascicular twitches 
are conflicting (Mustard^, Carlson and Jacobson®, Paton, Findlay and 
Watson^, Luckhardt, Sherman and Serbin®, Spiegel and Nishikawa®) 
and need not be summarized here All the observations seem to show 
that the spasm is dependent for its full development on the integrity of 
tiacts high up in the central nervous system 

Observations and deductions diflfering fiom those of the authors 
just refeired to were made by West ^ in an extensive study on para- 
thyroidectomized dogs He classified the motor manifestations of para- 
thyroid tetany in dogs as tonic, clonic and fibrillary By “fibrillary” 
he meant repeated rapid contractions of small groups of muscle fibers 
Since then Denny-Brown and Pennybacker ® have defined fibrillation 
as contractions of individual muscular fibers, whereas West’s term seems 
to correspond most closely to what is now called “fasciculation ” 

West found that all motor elements remained intact m the hindlegs 
if the spinal cord was transected in the dorsal or the cervical region 
“Fibrillary” tetany, or fasciculation, was retained after section of the 
peripheral nerve, tonic tetany was not Tonic tetany likewise ceased 
after deafferentiation by transection of the dorsal roots and was thus 
dependent on the integrity of the lowest spinal reflex arc From these 
observations he drew the conclusion that parathyroid tetany arises essen- 
tially from the action of a circulatory factor peripherally on some site in 
the muscle to cause contractions of individual muscle fibers Owing to 

1 Grant, S B , and Goldman, A A Study of Forced Respiration Experi- 
mental Production of Tetany, Am J Physiol 52 209, 1920 

2 Mustard, H J A Study of Certain Tonic and Reflex Nervous Impulses 
as Factors in Parathyroid Tetany, Am J Physiol 29 311, 1912 

3 Carlson, A J , and Jacobson, C Further Studies on the Nature of 
Parathyroid Tetany, Am J Physiol 28 133, 1911 

4 Paton, D N , Findlay, L, and Watson, A Tetania Parathyreopriva 
The Parts of the Central Nervous System Involved, Quart J Exper Physiol 
10 233, 1916 

5 Luckhardt, A B , Sherman, M , and Serbin, W B On the Origin of 
the Muscular Tremors, Clonic and Tonic Spasms in Parathyroid Tetany, Am J 
Physiol 51 187, 1920 

6 Spiegel, E A , and Nishikawa, Y Der zentrale Mechanismus der 
Tetaniekrampfe und ihre Beziehungen zur Enthirnungsstarre, Arb a d neurol 
Inst a d Wien Univ 24 221, 1923 

7 West, R Studies in Neurological Mechanism of Parathyroid Tetany, 
Brain 58 1, 1935 

8 Denny-Brown, D , and Pennybacker, J B Fibrillation and Fasciculation 
m Voluntary Muscle, Brain 61 311, 1938 
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an interplay of nerve impulses requiring an intact spinal reflex, the 
essential, or “fibrillary,” tetany is converted into its tonic form 

In experiments on frogs and cats, Kuffier ® recently studied the 
motor symptoms of tetany, -which in these animals, accoiding to him, are 
dominated by true fibrillation, as distinct from fasciculation, which he 
held to be due to impulses oiiginatmg in the region of the end plates He 
asserted it was probable that the motoi symptoms of tetany were caused 
by impulses arising in synapses and end plates 

True fibrillation presumably occurs also in man, though it has not 
yet been observed or investigated By means of electromyogiaphy, 
however, it should easily be shown if present But the dominant sensor} 
and motor phenomena of irritation associated with tetany, in man, as 
previously outlined, are piimarily due to the effect of changes in the 
blood not on the muscle or the synapses but on the nerve itself, as I 
have shown with the following, simple technic 

If a pneumatic cuff is inflated over the area of observation of the 
systolic pressure, just pioximal to the elbow of the one arm, the 
muscles of the hand and about 40 cm of the peripheral stretch of their 
neive supply are excluded from the circulation and from the effect 
of changes in the blood Nevertheless, on hyperventilation tingling, a 
feeling of tension and spasm set m with equal lapidity and with almost 
the same intensity m the two arms Thus, m this case the muscle, the 
nerve endings and the peripheral part of the nene can scarcely play 
any part in the production of the symptoms 

But if the cuff IS moved higher and higher up the arm, the con- 
ditions will be crucially changed It will be found incieasingly diffi- 
cult to induce symptoms of irritation in the ischemic aim If the cuff 
IS placed as high as possible, a spasm that cannot be controlled by volition 
will develop in the opposite arm before it can be produced in the ischemic 
one Although all the symptoms of irritation can eventually be pro- 
duced in the ischemic aim, they are throughout of far less intensity 
theie This can scarcely be intei preted otherwise than on the assump- 
tion that the impulses which give rise to the symptoms set out from, 
and can be most easily induced in, the pioximal part of the peripheral 
stietch of nerve Furtheimore, the nerve fibers which first give rise to 
the impulses must be the longest ones in the extremities, since the 
symptoms begin at the peiiphery and spread centi ipetally 

9 Kuffler, S W Excitabihtj Changes at Neuro-!Muscular Junction During 
Tetanj, J Phjsiol 103 403, 1945 

10 Kugelberg, E (o) Accommodations ocb rheobasbestamningar i mannis- 
kans motoriska ocb sensibla nener Nord med 19 1343, 1943, (b) Accommoda- 
tion in Human Ner\es and Its Significance for the Sjmptoms in Circulatorj 
Disturbances and Tetain, Acta plnsiol Scandina\ 1944 supp 24 
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^ Thus, in tetany the nerve is not affected uniformly along its entiie 
course This is indicated also by the fact that the electrical excitability 
was found to be inci eased to a much higher degiee proximally than 
distally both in subjects with parathyroprivic tetanj’- and in those with 
tetany due to hyperventilation The fall of the rheobase and the poorer 
accommodation were moie pronounced proximally Moreover, it was 
found that when fasciculation occurred in a muscle whose motor neive 
fibers weie being tested electrically the accommodation was almost nil 
proximally while the rheobase was ver) low, an observation which 
indicates that spontaneous discharges were occurring irt the tested 
legion A low iheobase and poor accommodation are the electrically 
measurable equivalents of “increased excitability ” 

The typical form of tingling associated with tetany was lound to 
arise in fibeis transmitting light touch As shown by the above men- 
tioned obseiwations, the fasciculations oiiginate m the motor fibers 
Finally, the sensation of spasm is not caused, as might have been 
expected, by the muscular contraction 

If a pneumatic cuff is distended above the elbow on the one arm 
and the experimental subject begins to hypei ventilate, it will be found 
after a while that spasms occui m both hands, wnth an intense feeling 
of cramp (Kugelberg When the cuff has been kept on for tw^enty 
to thirty minutes, the motor fibeis aie paralyzed as a result of the ische- 
mia, as are the tactile fibers and the fibers of muscle sense Although 
the hand is limp and the sensation of touch, piessure and position have 
vanished, a pecuhai, “fantom limb” sensation lemains It feels as 
though the hand were assuming the typical spastic posture and as though 
the muscles were equally contracted in the two hands Thus the sen- 
sation of spasm cannot be produced at the periphery by the actual 
contraction, but is a paresthesia that originates m a dischaige fiom the 
proximal part of afferent fibers, presumably the muscle affeient fibers 

The spasm is caused either by impulses from the hyperexcitable dis- 
charging motor fibers or, reflexl)’’, by impulses fiom the affeient 
fibers in the same legion of the neive The lattei alternative would 
harmonize with West’s obseivation on dogs that spasm is dependent on 
the integrity of the lowest reflex spinal arc It would be peimissible to 
generalize from the experiments on dogs wnth reference to man if the 
statement by Flick and Hansen is correct that the spasm in the Trous- 
seau phenomenon cannot be produced if the nerves are blocked proximal 
to the cuff, an observation which w^ould show that the spasm is lealh 
a reflex How^ever, experiments now proceeding indicate that the 

11 Flick, K, and Hansen, K Zur Elektrophysiologie sogenannter tonischer 
Verkurzungszustande quergestreifter Skelettmuskeln Das Trousseausche Phano- 
nien und die Pfotchenstellung bei der Atmungstetanie, 'Etschr f Biol 82 387, 
1925 
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Trousseau spasm is not a mere reflex, hence the question whether the 
spontaneous tetanic spasm is a reflex oi not must be left open foi the 
present 

Thus, provided that the aforementioned obseivations aie coriect, 
the mechanism for the origin of the symptoms dealt with here may thus 
be summed up as follows The changes in the blood increase the excita- 
bility of the nerve, i e , lower the rheobase and abolish the accommoda- 
tion This gives rise to spontaneous discharges primarily in the proximal 
part of the longest nerve fibeis, from which the focus spreads, with 
increasing aggravation of the symptoms The spontaneous activity 
starts in the tactile fibers, from which the typical sensation of tingling 
'originates, and somewhat later is set up m other afferent fibers, which 
produce the feeling of tension About the same time it reaches also the 
motor fibeis, giving rise to fasciculations The spasm is caused eithei 
by the activity in the motor fibers or, reflexly, by the activity m the 
affeient fibers 

THE TROUSSEAU PHENOMENON 

Wheie the impulses that give rise to the spasm in the Trousseau 
phenomenon originate is a question which has been much discussed (for 
a review of the literature see Nothman^^ and Lewis Recently, 
however, Lewis and, independently, I have shown that these 
impulses aie produced by the effect of ischemia on, mainly, the pioximal 
part of the neives 

Case 1 — N 0, a woman aged 36, who was suffering from paiathjuopiivic 
tetany following a strumectomy in 1933, was treated at the clinic She had not 
received any effective treatment before her admission, on April 17, 1945, when 
she had fascicular twitches and a feeling of tension in the small muscles of the 
hand, as well as occasional tactile paresthesia in the fingers The amount of 
calcium in the blood serum was then 5 2 mg per hundred cubic centimeters 
She was treated with dihydrotachysterol and improved rapidly But when the 
ticatment was suspended for a fortnight, she had a relapse She was then placed 
definitely under treatment with a suitable dosage The amount of calcium m the 
serum, as well as the excitability of the nerves, gradually underwent marked 
changes, and, concomitantly, the Trousseau phenomenon could be elicited with 
comparative ease Good facilities for studying the phenomenon were thus afforded 

Sympfovis — It was at first found that when the Trousseau phenomenon was 
precipitated all the sensory and motor phenomena in the spontaneous attack of 
tetany were reproduced, and m exactly the same way as regards sequence and 
spread 

The first symptom was tingling in the finger tips, spreading centiipetallj 
toward the place of compression A few tenths of a second after the tingling 
bad set in the feeling of tension in the muscles of the hand began, and at about 
the same time, but usualh somewhat prior to its appearance, fasciculation started 

12 Nothman, kf Tetanie, in Bumke, O , and Foerstcr O Handbucli der 
Neurologic, Berlin, Julius Springer, 1937, \ol IS p 173 

13 kcwis, T Trousseau’s Phenomenon in Tctam, Clin Sc 4 361, 1942 
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m the same muscles The feeling of tension increased and spasm began in the 
muscles of the hand When the spasm had been well established, the fascicular 
twitches could no longer be observed The feeling of tension and the spasm 
then spread, possibly up to the muscles of the forearm The culmination of the 
intensity and spread of all the symptoms of irritability was reached in two to 
four minutes The intensity then diminished, and the area of distribution decreased 
in reverse order of that of involvement After seven to nine minutes all the 
symptoms of irritation ceased, likewise in reverse order of that of their occurrence 
When, at the time of the patient’s admission to the clinic, the various symptoms 
of irritation were most pronounced, they set in, with intervals of a few seconds, 
after about ten seconds’ compression of the upper portion of the arm The first 
motor symptom was fasciculation in the muscles of the hand, so intense that it 
looked as though their surfaces were seething, it was rapidly followed by tonic 
spasms in these muscles The thumb was first adducted, and this was immediately 
followed by flexion of the fingers at the basal joints and extension at the otlier 
joints The muscular contractions were so strong that the patient could not 
execute any voluntary movements of the fingers and wrist The tingling spread 
up to the cuff, which was applied to the middle of the upper portion of the arm 
The cuff had to be removed after the lapse of a few minutes, owing to intense 
pam in the contracted, ischemic muscles 

As the patient’s condition improved, the symptoms of irritation diminished in 
intensity, and their range of distribution decreased They set in somewhat later 
than before, viz , after the lapse of one to one and a half minutes, and wore off 
sooner The last motor svmptom that remained was fasciculation in the muscles 
of the hand At the same time, the tactile paresthesia was felt up to the knuckles 
In the next stage the tactile paresthesia was the only remaining sjmptom of 
irritation After additional administrations of dihydrotachysterol, the tingling 
also finally vanished 

The table shows the course of the piocess in relation to the blood 
calcium and the rheobase, as well as the accommodation in the ulnai 
nenie, which was stimulated proximal to the elbow, with a minimal 
twitch in the first dorsal inteiosseus muscle as an index The place of 
stimulation on the neive was the point of the lowest thieshold, wdnch 
was carefully determined, w'hereupon the spot w'as marked The elec- 
tiode was fixed with some strips of plastei (for technic, see Kugel- 
beigiob) subsequent determinations, the electrode w^as then 

placed on the same mark, care being- taken that the experimental sub- 
ject ahvays kept the arm in the same position, with a view^ to compaiable 
values 

It should be pointed out that not only the spasm but also all the 
s}niptoms of irritation dealt with here arose m the proximal part of 
the ischemic nerve This was ascertained wuth the same technic as that 
adopted for study of the spasm and tingling Thus, the fasciculation 
associated wnth the Trousseau phenomenon is not caused by irritation 
of the muscle or the nerve endings but is produced by irritation of the 
neive itself 

Changes in the Rheobase of the Neive Dining Ischemia and Its 
Relation to the Phenomena of luitation — When the muscle is contracted 
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during the tonic stage, the threshold of excitation cannot be determined 
This limitation, ho^vever, is of no consequence, as the threshold can he 
con elated with the fasciculation which precedes the spasm Moreover, 
unduly high values for the rheobase aie obtained when intense fascicu- 
lation IS proceeding m the muscle In fact, the minimal twitch, adopted 
as an index, cannot be obseived m the midst of the general activity, 
hence, a more maiked twitch with a somewhat higher threshold must 
be taken instead as an index 

The cuff w^as placed as high up on the aim as possible, m oider to 
aioid affecting the position of the electrode at the elbow and changing 
the rheobase Since fasciculation, as well as all the othei symptoms 
of nutation, sets in more rapidly the faithei proximally the cuff is 
placed, the changes m the iheobase as measuied at the elbow cannot be 
directly con elated with the time of manifestation of the fasciculations, 
which 111 this case set m much farther proximally The changes m 


Tabulation of Data foi V O on Diffcicnt Dates 


Date 

(.lOlo) 

Blood 
Calcium, 
Mg /IW Cc 

Rheobase, 

ma 

Accommo 
dation 
Slope * 

Spontaneous 
Symptoms of 
Irritation 

■Pully Developed Symptoms of 
Irritation on Compression 15 Cm 
Proximal to Elbow 

4/17 

52 

0 35 

About 0 

Tingling and 
fasciculation 
in bands 

Tingling and intense spasm 
up to site of compression 

4/20 


09 

17 

None 

Tingling up to wrist, slight 
spasm in hand muscle 

4/24 

82 

1 8 

18 

None 

None 

4/27 


1 0 

17 

None 

Tingling in finger tips 

5/ 2 

70 

12 

18 

None 

Tinglmg up to knuckles, 
fasciculation and tension 
in band muscles 


* By tho term “accommodation slope” is meant the slope of the straight portion of the 
eiino showing the relation of tho number of rheobasos necessary for a threshold muscular 
contraction to the duration of the slowly rising current stimulating the nerre of the con 
trnefing muscle (Kugelberg robj 


threshold ivere con elated, instead, with the time of incipience and 
cessation of fasciculation m the other arm, where they had been elicited 
l)^ compression aboAe the elbotv at a level coi responding to the posi- 
tion of the stimulating electrode The results of three determinations 
of the rheobase during ischemia, made on different da}s with diffeiing 
amounts of blood calcium and initial values of the rheobase, as well as 
intensities of the s}mptoms of nutation dm mg ischemia (table), 
are showm in chart 1 

It will be seen fiom the chart that the electiical excitabilit} measured 
m teims of the rheobase, rapidly increases aftei ischemia (the rheobase 
dcci eases) for some tenths of a second, as has prcMOUsty been obserAed 
m association with ox}gen deficiencA in ner\es m Mtro b} Thorner,^* 

14 Thorncr W Ueber Ercgungsstadium der Er'^lickunc und Narkosc 
\icli f d ge«: Phjsiol 204 747, 1924 
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Heinbeckei,^® Lehmann^® and otheis and as observed with ischemia 
in situ in experimental animals by MacCallum,^" Paton and associates * 
and Morns/® and in man by Kugelberg^®, and, with respect to sen- 
sory fibers, by Thompson and Kimball 

The excitability reaches its maximum after the lapse of about three 
minutes and then diminishes to pass the initial value, in this case after 
ten to twelve minutes The absolute value reached by the increase m 
excitability is evidently determined by the initial value of the rheobase, 
which, m turn, as generally supposed, is determined by the amount of 
ionized calcium The lower the rheobase in a given case, the lower 



Chart 1 — Threshold curves during ischemia obtained from the ulnar nerve on 
stimulation at the elbow, with a minimal observed twitch m the first dorsal 
mterosseus muscle as an index The patient (V O ) was tested on different 
days with different values for the blood calcium and the rheobase and with 
various svmptoms of irritation caused by ischemia (table) 

The double horizontal line indicates the threshold when spontaneous activity 
arises in the tested nerve fibers by diminution of the blood calcium The arrows 
indicate the time when the spontaneous activitj due to ischemia begins and ceases 
at the tested point 


15 Heinbecker, P Effect of Anoxemia, Caibon Dioxide and Lactic Acid on 
Electrical Phenomena of Myelinated Fibers of the Peripheral Nervous System, 
Am J Physiol 89 58, 1929 

16 Lehmann, J E The Effect of Asphyxia on Afammalian A Nerve Fibers, 
Am J Physiol 119 111, 1937 

17 MacCallum, W G Ueber die Uebererregbarkeit der Nerven bei 
Tetanie, Mitt a d Grenzgeb d Med u Chir 25 941, 1913 

18 Morris, N Anoxemia and the Increased Electrical Excitability of the 
Neuromyone, Brit J Exper Path 3 101, 1922 

19 Thompson, M , and Kimball, S Effect of Local Ischemia upon Human 
Nerve Fibers m Vivo, Proc Soc Exper Biol & Med 34 601, 1936 
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will be the level to wfliich it falls, or, in other words, the less the amount 
of ionized calcium, the higher will be the inciease in excitability 

If the changes m threshold aie correlated with the geneial symptoms 
of irritability, it is evident that these symptoms will manifest themselves 
precisely during the period of increased excitability They appeared, 
as befoi e stated, after the lapse of ten seconds to one and a half minutes 
and woie off three to nine minutes later They reached their culmination 
appioximately m from two to four minutes, a period which corresponds 
to the maximum for the increase of excitability, and, like the latter, 
their intensity was determined by the original value for the iheobase 
and the ionized calcium The correlation, however, will be still more 
exact if only the motor threshold is correlated with the fasciculation 

Fasciculations manifested themselves spontaneously at a blood 
calcium level of 5 2 mg per hundred cubic centimeters and a rheobase of 
0 35 milhampere As accommodation at the same time was absent, 
there are good reasons for assuming that the fasciculations had appeared 
also at the point of determination When the rheobase rose to 0 4 milh- 
ampere, they vanished During ischemia, on the other hand, fascicula- 
tions likewise did not manifest themselves until the rheobase had fallen 
to 0 42 milhampere, and they ceased at approximately the same value, 
0 38 milhampere (test on May 2, chart 1) From this it may be inferred 
that when the increase in excitability reaches a certain ci ucial value at a 
given point, spontaneous activity will manifest itself in the nerve fiber 
This value can be attained by a diminution in the amount of ionized 
calcium, as in the spontaneous attack of tetany, or by ischemia The 
intensit}^ of the spontaneous activity during ischemia is determined by 
the amount of calcium in the blood (A similar effect was described by 
Lehmann on cat nerve in vitro during asphyxia ) At high values for 
the blood calcium in man no activity at all occurs Normally, it occurs 
m the longest tactile fibers On diminution of the blood calcium, 
activity develops in other afferent fibers, the motor fibers and the 
shorter tactile fibers, giving rise to a sensation of tension, the Trous- 
seau phenomenon, fasciculations of varying intensit}" and the spiead 
of tactile paresthesia 

vox BONSDORFF PHENOMENON 

Yon Bonsdol ff described a symptom foi the diagnosis of latent 
tetany He inflated a pneumatic cuff o^ ei the area of determination of 
the systolic pressure on the upper portion of the aim and kept it on foi 
ten minutes It v as then removed, and the patient w^as told to hyperven- 
tilate In the pieMously ischemic arm the t}pical tetanic spasm was then 
produced earhei than m the other arm — m cases of latent tetaii) even 

20 \on BonsdorfF, B Kacira fall a\ letam bland virnpliktiga, Finska lak - 
■^alhk handl 72 108, 1930 
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aftei a few minutes oi aftei a few deep breaths In ceitain cases the 
phenomenon could be rapidly induced even when the Chvostek, Trous- 
seau and Erb phenomena could not be elicited, and he found it to be a 
valuable supplementary sign m the diagnosis of tetany 

Cases 2 and 3— Two patients suffering from tetany were treated at the clinic 
K D , a man, and B S , a woman, had been admitted because of attacks of tetany 
which had been produced mainly by hyperventilation In the case of K D they 
had commenced in connection with trumpet blowing Both the patients showed 
a slightly positive Chvostek phenomenon but negative Trousseau and Erb phe- 
nomena and normal values for the blood calcium On hyperventilation, the typical 
spastic posture of the hands manifested itself after the lapse of two to five 
minutes, being equally pronounced on the tw'o sides Thus, though these patients 
normally had no definite signs of imbalance of the calcium ions, which determines 
the excitability of the nerve (the alkali reserve, however, was not determined), 
symptoms of active tetany had manifested themselves with abnormal rapidity on 
hyperventilation This experience, which had brought them to the hospital, shows 
the usefulness of hyperventilation tests in diagnosis in certain cases Since the 
typical tetanic spasm had been rapidly induced on hyperventilation in both 
patients, they offered particularly good facilities for an analysis of the von Bons- 
dorff phenomenon 

Analysis of the Phenomenon — Place of Precipitation With com- 
pression of the pneumatic cuff over the area of determination of the 
systolic piessure, the whole arm (muscle, nerve endings and nerves) 
peripheral thereto is exposed to ischemia In the phase of recovery 
from ischemia, changes in some of these tissues which tend to facilitate 
precipitation of the attack of tetany on hyperventilation evidently occur 
In order to ascertain where the critical change originates, the experi- 
ment described in the following protocol vas made 

Subject K D 

Preliminary test (Oct 12, 1944) Hvperventilation After four minutes 
spasms in both hands and m the region of the facial nerve on both sides set in 
simultaneously and with the same intensity 

Experiment A A pneumatic cuff was distended to 200 mm high up on the 
upper portion of the left arm 

Five minutes A new cuff was placed around the lower part of the upper 
portion of the same arm and distended, and the upper cuff was remov'ed Hyper- 
ventilation was begun 

Six minutes Spasm appeared in the left hand and in a few seconds could 
not be voluntarily controlled 

Nine minutes Intense spasm continued in the left hand Spasm appeared 
in the face Paresthesia began in the right hand Hyperventilation was dis- 
continued 

Experiment B (Oct 13, 1944) \ pneumatic cuff was distended over the 

area of determination of the systolic pressure, just proximal to the elbow of the 
right arm 

Five minutes The cuff was removed, and a new one was placed immediately 
above and distended, so that its lower edge lay on the site of the upper edge of 
the first cuff Hyperventilation was begun 
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Eight minutes Spasm appeared in the left hand 

Thirteen minutes Spasm continued in the left hand, none occurred in the 
right hand Hyperv^entilation was discontinued 

Experiment A shows that foi full development of the phenomenon 
It suffices if the hyperventilated blood is brought into contact with the 
proximal part of the previousl) ischemic neive If the flow of blood 
IS blocked proximal thereto, the phenomenon, as is to be expected, does 
not appear (experiment B) 

That the impulses which give rise to the phenomenon come mainl} 
from the proximal pait of the previously ischemic stretch of nerve can 
be shown m the following w^ay A pneumatic cuff is placed on each 
aim and distended and is kept on for five minutes A new cuff is then 
distended around the upper part of one forearm, and the first cuffs 
are removed When the expei imental subject then begins to hyper- 
ventilate, the spasm sets m wnth about the same rapidity and intensity m 
the two hands This shows that muscles, nerve endings and the periph- 
eral stretch of nerve do not pla)’’ an)^ appreciable part m the precipitation 
of the phenomenon 

Optimal Place of Pi ecipitation m the Ann — Since sensitivity of 
the nerve to ischemia inci eases from the peripheial to the proximal 
part (Lewis, Pickering and Rothschild and since this applies also to 
the effect of those changes m the blood wffiich give rise to tetany (see 
introductory section), it may a prion be expected that the von Bonsdorff 
phenomenon could be more readily precipitated the more proximally 
on the arm the cuff has been placed This, in fact, proved to be the case 
If the cuffs are placed at different levels on the arms and if they are 
kept on for the same length of time, it will be found on hyperventilation 
that the spasm will set in earliest and with greatest intensity on the arm 
on wffiich the cuff has been placed more proximally The phenomenon, 
how'ever, can be precipitated also on the forearm, but it wnll be less 
pronounced and ma} lequire a longer preceding compression 

The Time Factoi and Its Relation to Electnc Excitability in the 
Nenoc — I fui thei investigated how long aftei the removal of the pneu- 
matic cuff the spasm is most leadily induced m the previously ischemic 
arm It was found, somewhat to m) sui prise, that if hyperventilation 
was deferied foi ten to fifteen minutes aftei the lemoval of the cuff the 
appearance of the spasm was actuall} impeded if the cuff had been 
placed on the proximal pait of the upper portion of the arm This is 
illusUated by the following protocol 

21 Lewis, T Pickennc:, G W and Rothschild P Centripetal Parahsi=; 
\ri';ing Out of Arrested Bloodflow to the Limb Including Notes on a Form 
01 Tingling, Heart 16 1 1931 
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Subject B D 

Prehminarj^ test Nov 20, 1944 Hyperventilation The spasm set in simul- 
taneouslj and with the same intensity m the hands in five minutes 

Experiment A pneumatic cuff was placed as far proximally as possible on 
the right arm and was distended to 200 mm 
Ten minutes The cuff was removed 
Twenty-five minutes Hyperventilation was begun 

Thirty-two minutes Spasm appeared in the left hand and could not be 
voluntarily mastered, no spasm occurred in the right hand 

Thirty-six minutes Spasm continued in the left hand, but none appeared 
in the right Hyperventilation was discontinued 

Forty-live minutes Spasm ceased in the left arm 

These genet al relations were confirmed in seveial experiments 
In chart 2 the change from increased to decreased sensitivity to hyper- 



Chart 2 — ^Threshold curve obtained from the ulnar nerve after ischemia, 
showing relation to facilitation and inhibition of spasm induced by hypen entilation 
in the previously compressed arm 

The horizontal lines below the curve may be interpreted as follows The 
solid line in the circles indicates duration of facilitation of spasm , the broken line 
w'lth circles, the duration of inhibition of spasm 

ventilated blood is stiikingly illustrated by the cun’^e for the changes in 
the rheobase aftei ischemia 

The rheobase tvas determined on fibers to the first dorsal interosseus 
muscle in the ulnar nerve, which had been stimulated at the elbow The 
determination was made on experimental subject B S before and 
after ten minutes of ischemia Afterw^aid, the test for the von Bons- 
dorff phenomenon w^as made, the subject beginning the hj^perveiitilation 
at various intervals after the lemoval of the cuff On each occasion the 
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hyperventilation was ai ranged in such a way that the spasm continued 
for about ten minutes As shown in chart 2, the excitabiht} of the 
motor nerve fibers A\as considerably enhanced on the remo\al of the 
cuff This applies not only to the rheobase but also to the accommoda- 
tion, which fell toward zeio At the same time the excitability^ in the 
sensory neive fibers was doubtless likewise intensified, since sponta- 
neous activity was set up in them causing the “pins and needles” paies- 
thesia and the so-called pseudospasm (Lewis and associates-^) After 
about ten to twelve minutes this increase m excitability was converted 
into a decrease, which probably continued for houis 

If, as shown in chart 2, the hyperventilated blood was brought into 
contact with the proximal part of the previously ischemic nerve during 
the stage of increased excitability, the von Bonsdorff phenomenon was 
induced If, instead, the changed blood was brought into contact with 
the nerve during the stage in wdiich the excitability w^as diminishing, the 
occurrence of all the symptoms of tetany was letarded The von Bons- 
dorff phenomenon is evidently precipitated by a summation of the 
postischemic increase of the excitability in the nerve and that induced 
by hyperventilation, with resulting spbntaneous activity, which gives 
rise to symptoms of iriitability 

COMMENT 

In the fiist few minutes during and aftei ischemia an inciease of 
excitability exists in the nerve The same effect is produced by the 
changes m the blood which give rise to tetany When the excitability 
leaches a crucial value, the nerve begins to discharge spontaneously 
The activity starts in the proximal part of the longest tactile fibers and 
then proceeds to somewhat shoiter ones When the resulting pares- 
thesia has reached approximately the wrist or the middle of the 
foreaim, the activity starts in the longest motor fibers and in othei 
afferent fibers, presumably to muscle, and then passes to incieasingly 
shorter fibers This stiict sequence m the appearance of spontaneous 
activity can scarcely be coi related in detail wnth any known ph}siologic 
or anatomic characteis in the neive itself 

Certain facts indicate that tins phenomenon can be con elated wuth 
the thickness of the fibers Evidently, it is connected w^ith the laige 
fibers Moreover, the longest fibers transmitting light touch must be 
presumed to be thicker than the longest motor fibers, since, as show'ii 
in the ulnai nerve in man (Kugelberg they have a considerabl} 
lower iheobase In ordei to fit in wnth this hypothesis, the muscle 
afferent fibers should ha^e a thickness corresponding to that of the 
niotoi fibers, but for man no data aie a^allable on this matter 

Ihe greater tendenc} to activity in the proximal portion of the 
neue ma\ be due to the fact that the indnidual ner^e fibers taper toward 
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the peiiphery, owing to the branching of the fibeis (Eccles and Shei- 
rington^”, Bjorkinan and Wohlfart^® and otheis) Certain data indi- 
cate also that, as fiist stated by Schwalbe, -■* the longest fibers aie 
thicker than the shoitei ones It remains to be shown that the longest 
and thickest motor fibeis and muscle aflferent fibers aie thicker than 
the short tactile fibers However, theie are evidently so many gaps in 
the chain of evidence that it would be unwise at piesent to pi ess the 
theory too far 

It should also be noted that localization of the spontaneous activit) 
can be con elated with the tendency to respond wnth iterative discharges 
to a constant electric cuiient Thus, the threshold for prolonged itera- 
tive discharges is lowei in tactile than in motoi fibers and low^ei in 
long than in short motoi fibeis (Kugelberg as W'^ell as low^er m the 
pioximal than the distal portion of a motoi nerve (Kugelberg and 
Skoglund “ ') 

SUMMARY 

The observations on the Trousseau and on the Bonsdoiff phe- 
nomenon may be summarized as follow's 

1 In the Trousseau phenomenon, all the symptoms of irritation 
in spontaneous attack of tetany are pioduced m identically the same 
way with regard to sequence and distiibution Tactile paresthesia, 
fasciculation, the sensation of spasm and the spasm itself appear in 
the order of enumeiation They begin penpheially and spread centrip- 
etally 

2 All the symptoms of iiritation aie caused by spontaneous activiti 
which appears first and foremost in the proximal part of the longest 
nerve fibers in the ischemic nerve The aclivit)’’ starts in the tactile 
fibers, then pioceeds in the motor fibeis and about the same time appears 
in othei afferent fibeis The spontaneous activity begins in from 
ten seconds to one and a half minutes, reaches its culmination in tw'O 
to four minutes and passes off after ischemia of four to nine minutes’ 
duiation 

3 Ischemia increases the excitability of the nerve This inciease 
begins after a few seconds, i caches its culmination in about three min- 
utes, whereupon it diminishes and, after the lapse of ten to tw'elve mm- 

22 Eccles, J C, and Sherrington, C S Numbers and Conti action- Value": 
of Individual Motor-Units Examined in Some Muscles of Limb, Proc Roj Soc 
London, s B 106 326, 1930 

23 Bjorkman, A, and Wohlfart, G Faseranalyse de Nn oculomotorius, 
trochleans and abducens des Menschen und des N abducens verscliiedener Tiere 
Ztschr f mikr -anat Forsch 39 631, 1936 

24 Schwalbe, G Ueber die Kaliberverhaltnisse der Nenenfasern Leipzig 
F C W Vogel, 1882 

25 Kugelberg, E , and Skoglund, C R To be published 
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utes, 1 caches the same ^alue as hefoie the ischemia The level reached 
b} the mciease is determined by factors in the blood The smaller the 
amount of calcium (ionized calcium) m the blood, the higher the values, 
and vice veisa 

4 The spontaneous actnity is due to the mciease of excitability 
of the nerve When it reaches a certain ciucial value m a given nerve 
fiber, spontaneous activity is pioduced As shown for motor fibers, this 
occurs irrespective of whether the increase is produced by diminution 
ot the blood calcium oi by ischemia 

5 After preceding ischemia of the aim for ten minutes, the typical 
manifest symptoms of tetany induced with hyperventilation aie facili- 
tated 111 the same arm for about ten minutes and are then inhibited for 
at least an hour 

6 The attack of tetany is facilitated by a summation of the post- 
ischemic increase of excitability and that caused by hyperventilation, 
giving rise to spontaneous activity The inhibition is due to the post- 
ischemic deciease of excitability 

7 The more proximal the portion of the arm winch is subjected to 
ischemia, the more easily will the symptoms of hyperventilation tetany 
be induced 

8 The impulses which give use to the sjmptoms of tetany in the 
von Bonsdoiff phenomenon start first and foremost from the proximal 
part of the previously ischemic nerve The focus for the attack of 
tetany produced by hyperventilation can thus be shifted from the prox- 
imal part of the course of the peiipheral nerv^e distally to the desired 
stretch of nerv'e by previously subjecting the nerve to ischemia 

The sequence of the various symptoms of irritation in the sponta- 
neous attack of tetany, the Trousseau and von Bonsdorff phenomena, is 
discussed m relation to the size of the fibers involved and their tendency 
to iterativeness on excitation with a constant current 

Nobel Institute for Neurophysiology, Karohnska Institutet 



CIRCULATION OF CEREBROSPINAL FLUID IN 
CARASSIUS GIBELIO 


T G van RUSSEL 
GRONINGEN, NETHERLANDS 

I N THE liteiature one finds vaiious, and often controversial, opinions 
and observations concerned with the origin, movement, pathways, 
absorption and function of the cerebrospinal fluid An excellent survey 
of this matter is found in the monogiaph of Katzenelbogen ^ The litera- 
ture gives ample proof that the formation of the fluid occurs m the 
choroid plexuses Whether ceiebiospinal fluid is also formed elsewhere 
(e g , m the cerebiospinal parencltyma or in the epend3'^ma) is a much 
debated question According to Sepp ^ and others, the movement of the 
cerebrospinal fluid is produced b} vascular pulsations , according to still 
othei investigatoi s, respiratoiy movements and movements of the body 
and the head are contiibuting factois Concerning the relations between 
the cerebiospinal fluid and the perivascular and the peiicellular spaces 
many opinions are in existence The escape of the ceiebiospinal fluid 
fiom the cerebiospinal cavity takes place by absorption into the veins, 
through the arachnoidal vilh (Weed®), oi by peimeural ti ansportation 
and absorption into the lymph spaces With regard to the last point 
especially there exists a lively discussion 

It was the opinion expiessed b) Di H Beikelbach van den Spienkel, 
conseivatoi of this laboratory, that theie is fluid in the perivascular 
spaces of the biain and that this cerebrospinal fluid is moved by the 
pulse V ave of the blood vessels and consequently flows in the same dii ec- 
tion as the blood stream Dr Berkelbach van den Sprenkel advised me to 

From the Histological and Enibi vological Laboratory, University of Utrecht, 
Director, Prof Dr J Boeke 

1 Katzenelbogen, S The Cerebrospinal Fluid and Its Relation to the 
Blood, Baltimore, Johns Hopkins Pi ess, 1935 An extensive bibliography is 
included in this monograph 

2 Sepp, E Die Dynamik der Blutzirkulation im Gehirn, Berlin, Julius 
Springer, 1928 

3 Weed, L H Anatomical Consideiation of the Cerebro-Spmal Fluid, 
Anat Rec 12 461, 1917, Experimental Pioduction of Internal Hydrocephalus, 
Contrib Embryol 9 425, 1920 Cells of the Arachnoid, Bull Johns Hopkins Hosp 
31 343, 1920, Absorption of Cerebrospinal Fluid into the Venous System, Am J 
Anat 31 191, 1923 , Effects of Hypotonic Solutions upon Cell-Morphology of 
Choroid Plexuses and Central Nervous S\stem, ibid 32 253, 1923 Weed, L H, 
and Hughson Cerebrospinal Fluid ir Relation to the Bony Encasement of the 
Central Nervous System as a Rigid Containei, Am J Physiol 58 85, 1921 
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carry out experiments on fish, on the supposition that the complicated 
relations would be simpler to study m lower vertebrates Nowhere 
m the literature have I found any communications on experiments con- 
cerned with the circulation of the cerebiospinal fluid m fish 

For my experiments I used Carassius gibelio (family, Cyprinidae). 
a kind of carp {ki oeskarpej), a common fish in the Netherlands, about 
10 cm in length This animal proved very suitable for the experiments, 
since its brain is proportionally small and lies in a spacious skull The 
ventricular system and the pericerebral spaces are wide so that there is 
relatively a great quantity of cerebrospinal fluid, moreover, the brain 
IS not easily injured by intracranial injection 

EXPERIMENTAL TECHNIC 

Absoiptwn Expeuments — ^In this senes it was tried to produce absorption 
of dye by letting the fish swim for varying lengths of time (one-half to fort} 
da}s) in solutions of trypan blue, of various concentrations The fish were then 
examined histologically to see whether the dye could be found in the central 
nervous system or in its membranes These experiments are cited as series 2 
For these experiments I used 8 fish, 5 of which were examined m serial sections 
Intracranial Injections — To trace the spread of the cerebrospinal fluid and 
to determine the pathways through which the fluid flows, dye was injected into 
the pericerebral space wuth a fine needle, usually in the occipital region From 
0 1 to 0 2 cc of a 1 per cent solution of trypan blue or of a 5 per cent suspension 
of India ink in Ringer’s solution was injected Fourteen fish were used m these 
expeiiments Some fish died in consequence of too deep a puncture, the cerebro- 
spinal axis having been injured Others survived this opeiation, were apparently 
health! and were killed at various times after the injections (twenti -three minutes 
to eight days) Nine fish receiving such injections w’cre examined m serial sections 
A series of sections w'as also made of a normal fish which had not undergone 
any pieiious treatment 

The lest of the technical procedure was as follow’s 

The head was fixed m Bourn’s fluid (often after remoial of the low'er jaw 
and the gills) , it was then decalcified in 10 per cent trichloroacetic acid for about 
ten days and embedded in paraffin (via the alcohols, methylbenzoate and pyroxydin 
ben/cne, and benzene and paraffin) The resulting blocks were cut serially, and 
alternate sections weie stained w’lth carmalum and hematoxylin and eosin 

The body W'as cut in slices and also fixed, embedded, sectioned and stained 
Vt larious Iciels traiisierse sections w'ere selected for examination 

There is no need to describe all the senes of sections separately', as microscopic 
examination showed that the results of similar experiments were in agreement 
Experimental data on 2 fish, vdnch are referred to later, are gnen here 
Fish III B — One-tenth cubic centimeter of a 1 per cent solution of trypan 
iiluc was injected intracranially m the occipital region near the median line, the 
fish was not !cr\ Inely it was killed twent\-four minutes after the injection 
1 ISH VII A — Two-tenths cubic centimeter of a 5 per cent suspension of india 
nik m Ringer s solution was injected intracranially in the occipital region near 
the nitdian line The beha\ior was fairly normal the fish was killed tight days 
after the injection 
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OBSERVATIONS 

ABSORPTION E\PERIMENTS (SERIES 2) 

The fish proved to be just able to stay alive when swimming in 
aqueous solutions of trypan blue in concentrations from 0 05 to 01 
per cent 

In more concentrated solutions the} died Histologic examination 
revealed the blue dye in the gills , the mucous membranes of the mouth , 
palate , skin canals , intestine , the blood vessels in the wall of the intes- 
tine, the myocardium, the kidneys, the periosteum of the vertebrae, 
and the endothelial cells of the liver and pancreas This makes it 
evident that dye had been absorbed and had entered the circulating 
blood Considering the blue dye in vessels of the intestinal wall, it is 
probable that this absoiption took place in the intestine No trace of 
dye was found in the central nervous system or in its membranes 
Obviously, the dye did not pass through the blood-cerebrospinal fluid 
barrier m sufficient amounts to be detected 

That no blue d}e vas observed m the central nenous system is not 
absolute proof that a barrier exists between the blood and the cerebro- 
spinal fluid It IS still possible that the concentration of the dye in 
the central nervous S}Stem was too low for the blue color to become 
visible 

Also using Carassius, Wislocki'* ga\e intrapei itoneal injections of 
the solutions of trypan blue He detected the dye microscopically in 
the reticuloendothelial sjstem of many internal organs (liver, spleen, 
kidney), in the endothelium of lymph vessels and as a diffuse blue 
stain of the tissues He stated emphatically that only in the central 
nervous system did he fail to find any blue dye Presumably, in his 
experiments the concentration of dje in the blood was higher than in 
mine, whereas m my fish the blue dye was in the circulation a much 
longer time 

As it was impossible to detect trypan blue in the central nervous 
sjstem after the dye had been introduced into the circulating blood by 
various methods (series 2 of the piesent stud} and the experiments of 
Wislocki), it IS permissible to conclude that m Carassius gibelio there 
exists a blood-cerebrospinal fluid barrier aa ith i espect to trypan blue 

INTRACRANIAL INJECTION 

Pencci ebjal Space — Between the biam and the skull a Avide space 
exists Close to the brain lies a thin membrane, containing many 
blood vessels Outside this membrane is a free space, which is sur- 
rounded by a tissue extending to the skull It Avas repeatedly evident 

4 Wislocki, G B Action of Vital Dyes in Teleosts, Anat Rec 12 415, 

1917 
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that there had existed connections between this tissue and the membrane 
surrounding the brain Therefore the free space is to be taken, for the 
greater part at any rate, as the result of shrinkage 

The pencerebral tissue, extending from the membrane around the 
cerebrum to the skull, has a peculiar structure It consists of flat cells, 
forming stiands and partitions In this manner the periceiebral space 
IS divided into chambers and meshlike spaces Herein lies the tissue 
fluid, which locally has a mucous or fatty character (Coupm°) This 
pencerebral tissue has a definite architecture At the level of the 
olfactoiy tract a tissue ^\lth small chambers lies against the inner side 
of the skull, whereas centrally in the cranial cavity spacious cisterns 
are present In general, one sees in the dorsal part of the cranial cavity 
a tissue with small chambers, neaier the brain the spaces are wider, 
next to the brain the tissue often has a meshlike structure Lateral 
and basal to the brain is also wide-meshed tissue Likewise, along the 
labyrinth the tissue is very delicate At the level of the medulla oblongata 
it consists only of some protoplasmic strands lying in the pencerebral 
space Within the first vertebral arch on the ventral side of the spinal 
cord a stiff fibrous tissue arises from the adventitia of the basal blood 
vessels in the menmx This stiff fibrous tissue extends laterad and 
dorsad until the cord lies enclosed in a close-fitting shell (fig 6F) At 
tins point the meshlike tissue has nearly disappeared About 500 microns 
more caudal the fibrous tissue is again found m only the ventral region 
Now the cord lies once more in the usual meshlike tissue 

From the injection of dye into the pencerebral tissue it was ascer- 
tained that the dye spreads swiftly through the chambers and meshes 
of the pencerebral tissue This spread was swiftest and the dye most 
dense where the tissue was of a meshlike structure or where the tissue 
chambers were spacious — consequently near the brain Yet I noted 
repeatedly in animals killed about twenty minutes after the injection 
that in the small chambers near the skull the coagulum of the mucous 
tissue fluid w'as already blue throughout Hence, injected dye spreads 
quickly through the pencerebral tissue It is evident, therefore, that 
many opportunities exist for exchange of fluids in the meshes and 
chambers in the vaiious parts of the tissue hing between the brain and 
the skull * 

In all animals it was ob\ious that the dye injected into the pen- 
cerebral tissue, spread immediately through the wdiole ventricular s}s- 
tem, the roof of the fourth ^entrlcle not haMng been injured by the 
injection Thus it is eMdent that an extensne exchange of fluid must 
take place between the ^entrlcular s}stem and the meshes and cham- 
bers of the pencerebral tissue 

^ Coupvn, r Lcs formations cboroidvennes des poissons, \rch dc morjdiol 
u<-n ct CNptr, 1924 no 20, pp 1-156 
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The particles of dye m part lay free in the ventiicles and in the 
spaces of the peiicerebral tissue and in pait were phagocytosed by 
histiocytes In determining the spreading of the dye, one has to take 
into consideration that histiocytes, having phagocytosed the particles 
ot dye, can wander everywhere Only the spread of free dyestuff gives 
an indication of the spread of cerebrospinal fluid 

Thus, the experiments with inti acranial injection prove that a close 
connection exists between the ventiicular fluid and the contents of the 
meshes and chambers of the pericerebial tissue, that the meshes and 
chambers of this tissue communicate with each other and that fluid can 
flow through them Hence, the relations in Carassius gibelio are in 
principle the same as those in higher vertebiates The ventnculai 
system contains a fluid (liquor internus) , and the brain is sui rounded 
with a fluid (liquoi exteinus), which flows through the meshes of the 
pericerebral tissue (menmx) This peiiceiebral fluid and the ven- 
tricular fluid are closel)'^ related 

Anens Kappers,® in agreement vith Steizi, spoke of a menmx 
piimitiva in teleosts, since he found no diff ei entiation of pia, arachnoid 
and duia in these foims and the meshhke tissue has no endothelial 
co^erlng, as exists in a true arachnoid Between the skull and this 
menmx primitiva he still discerned a peiimemngeal tissue, and in some 
teleosts (Lophius) he described a kind of duial membrane as well 
In an extensn e ti eatise, van Geldei en ' explained that in most 
teleosts an ectomenmx lines the skull and an endomenmx co^ers the 
brain and that between them lies an intermeningeal tissue, of a mucous 
or fatt-^ chaiactei I found the pericerebral tissues of Caiassius to be 
in accordance vith this desciiption 

Anens Kappers ® also stated emphatically that as there is no arach- 
noid there can be no external fluid This last opinion one encounteis 
repeatedh m the hteiature (Coupin, among otheis) To my mind, 
Anens Kappers is in eiroi in refusing to call the fluid vhich flows m 
the meshes and chambers of the peiicerebial tissue, and vhich is closel} 

1 elated to the ventnculai fluid, liquor exteinus because the tissue moi- 
phologicall)’’ does not quite coriespond with the arachnoid Even if 
the peiiceiebial tissue does not quite correspond moiphologically vith 
the leptomeninges of the highei vertebiates, it has no doubt the same 

6 A.nens Kappers C U Meninges in Lowei Vertebrates, Arch Neurol 
& Psychiat 15 281 (Marcli) 1926 Anens Kappers C U Hubei, G C, and 
Crosbj, E C Comparative Anatomy of the Nervous System of Vertebrates, 
Including Man New York, The Macmillan Companv, 1936 ' 

7 van Gelderen, C Ueber die Entvvicklung der Hirnhaute bei Teleostierii, 
A-nat Anz 60 48, 1925 Die vergleichende Ontogenie dei Hirnhaute, mit beson- 
derer Berucksichtigung der Lage der neurokraniellen Venen, Thesis, Amsterdam, 
Afunich, J F Bergmann 1926 
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significance Therefore, I shall designate as meninx all the tissue 
between the skull and the brain m the meshes and chambers of which 
flows a fluid in close relation to the ventricular fluid The meshes 
and chambers together constitute the meningeal space 

Roof of the Fourth Ventucle — ^Although apparently an extensive 
exchange of fluid takes place between the internal and the external 
fluid, the roof of the fourth ventricle seems to be continuous, and no 
open foramen (of Magendie or of Luschka) is found heie But at vari- 
ous places m this region the roof has become a very thin membrane, 
outwardly consisting of the inner meningeal membrane and inwardly 
lined with epend3una The epend3mia is vei3f flat here, and at man3' 
places it cannot be decided whether an epend3U'nal lining still exists oi 
whether the few flat cells which form the roof are meningeal How- 
ever, in some places the ependymal lining is plainly interrupted foi 
some distance, so that actually the ventricular roof consists of meninx 
only Hence, if the meninx were taken away, openings would be 
left in the roof It is probable that this very thin roof gives oppor- 
tunities foi the exchange tif fluid between the ventricle and the menin- 
geal space (fig 5 H) 

Roof of Third Venincle — That connections exist elsewheie between 
the ventricle and the meningeal space was appaient, among other speci- 
mens, in fish III B The gi eater part of the loof of the third ven- 
tricle vas veiy thin and consisted almost exclusively of epend3ma 
outwaidty covered by the inner membrane of the meninx At main 
places blue lines were seen between the high epend3mal cells ? theie- 
foie a continuit3' existed between the blue coloring matter m the 
Acntricle and that in the meningeal meshes I obseived this, foi 
example, at the level of the corpora striata and close to the ton longi- 
tudmales, just anterior to the ceiebellum Of couise, in3'- sections do not 
ansvei the question about the diiection of passage of the fluid through 
the loof, but they do prove that at these places communication exists 
between the internal and external ceiebrospinal fluid (fig S K) 

The loof of the thud ventucle is lined with se\eral kinds of epen- 
d\mal cells (It is stiange that nothing can be found about these 
^a^ous forms of epend3mia in Coupin’s aiticle, notwithstanding his 
extensue stud\ of the ventnculai roofs and plexuses in fishes) Later- 
alh the ependxmal cells are vei3 flat (although not so flat as those 
in the loof of the ventricle) , mediall3 there is a region with high 
cxlindnc epend\mal cells Close in front of the posterior commissure 
a tube arises from the roof Ihis tube extends forward in the median 
line and at the le\el of the bulbi olfactorii becomes a flat oigan, hing 
close Under the skull This oigan is the epiphcsis cerebri (Brachet"^) 

^ Cradict \ Tnitc d'cmDr\olou;ic dcs \crtebres cd 2, Pans Masson 
Cic 10-^5 p 37(3 
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Clio)ojd PlcMis of Thud Veniticle — In front of tlie pineal tube 
the roof is strongly folded, and it piojects doi sally as a sac which 
encloses the pineal tube This sac is the choroid plexus of the third 
ventricle Its walls have many folds and are lined with a cuboid, or 
simply a cyhndnc, epithelium, often with vacuoles at the apex The 
bases of the epithelial cells border immediatel}^ on the walls of many 
wide capillaries, which are lying here m the meninx Repeatedly, 
the capillaries pioject into the epithelial layer between the cells, so that 
the lumen of the blood vessel and the space in the plexus sac are 
separated only by an extiemely thin strip of protoplasm I found 
such interepithehal capillaries also m the pineal tube and in the medial 
part of the loof of the third ventricle 

Choi Old Pleviis of the Fouith Ventiicle — This structuie lies medi- 
ally in the ventricular loof The roof here is folded, and the folds 
hang downward in the ventricle The epithelium of the plexus is 
cyhndnc, and the cells are somewhat higher than those in the plexus 
of the third ventricle Immediately beneath the epithelial la)er, many 
blood vessels he m tlie meninx which accompanies the folds 

Ahsoiption in Choioid Plexus — From the literature, it is appar- 
ent that the formation of the cerebrospinal fluid occurs in the choroid 
plexus Some authors think that absorption occurs also in the plexus 
My sections give support to this last opinion 

In fish III B, many veins of the choroid plexus of the fourth ven- 
tricle which lay against the epithelial layer contained a strongl}'^ blue- 
stained* coagulum of plasma, whereas in the immediate vicinity of 
these veins no important concentration of dye was seen In other 
veins, m the meninx, one seldom saw such a blue coagulum, and then 
only when much dyestuff was lying m the surrounding meningeal tissue 
In fish VII A the epithelial cells of the plexus of the fouith ven- 
tricle which were lying in the tops of the folds contained a consider- 
able number of india ink granules, (fig 1 and fig 5 /) The cells that 
contained the granules were those cells which were chiefly in contact 
with the ventricular fluid and so had the best opportunity of absoi fl- 
ing carbon particles from the internal cei ebrospmal fluid The assump- 
tion of absorption appears to me to be the only possible explanation 
of this peculiar distribution of the granules m the epithelium of the 
plexus, and the local accumulation of trypan blue m the veins is dif- 
ficult to explain in any other way 

As to the choroid plexus of the third ventricle, my sections aie 
less convincing In fish VII A, the epithelium of the plexus of the 
third ventricle contained much less caibon than that of the plexus of 
the fourth ventricle yet there were also fine carbon granules in the 
epithelium of the plexus sac, much finer than in the plexus of the 
fourth ventricle Also, in the roof of the third ventricle similar fine 
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pai tides weie to be found in the flat, as well as in the high, ependymal 
cells On the innei and on the outei side of the i oof of the thii d ventricle, 
as well as in the ^entllcle itself and in the meningeal space, caibon 
particles veie lying Consequently, it is not possible to decide whethei 
the granules in the epend}mal cells were absoihed fiom the mteinal 
ceiebrospinal fluid or whethei the}' were earned fioni the meninx to 
the ventiicle In fish III B, a blue hue was noted m some of the veins 
of the plexus and m the ventiicular loof 

I think that it is peimissihle to conclude, theiefoie, that the epi- 
thelial cells of the choioid plexus of the fouith ventiicle absorb colloidal 
particles fiom the mteinal ceiebiospinal fluid and release these pai- 
ticles into the blood My sections do not peimit a conclusion as to 



Fig 1 (fish VII A, section 72, 1,6) — Section (about X 400) showing the 
choroid plexus of the fourth ventricle 

Here, ms indicates the meningeal space, the thin roof of the fourth ventricle, 
lined with low ependymal cells , f, folds of the roof, covered with high epithelial 
cells and hanging into the ventricle , V IV, lumen of the fourth ventricle, and 
c, carbon particles stored m the epithelial cells 

It IS evident that the dye is stored in those epithelial cells that are most in 
contact with the ventricular fluid Probably absorption from the internal cerebro- 
spinal fluid takes place in these cells (cf fig 5 /) 

whether particles are absoibed fiom the ceiebiospinal fluid by the 
choroid plexus and by the roof of the third ventricle 

Pejivascula?' Spaces — The blood vessels in the biain aie surrounded 
by spaces which aie continuations of the pericerebial space Like 
the meningeal space, these perivascular spaces aie traversed by fine 
tissue strands, so that they have a meshhke structuie The perivas- 
culai spaces are also distinctly visible aiound the small vessels, but it 
cannot be decided whether or not they are still viitualL present aiound 
the smallest vessels and capillaiies 
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In all my specimens, communication existed in many places between 
the ventricular space and the perivascular spaces of vessels lying just 
beneath the epend)nna This communication was effected by mtei- 
luptions in the ependymal layei The blood vessels were then often 
nearly inti aependymal These open communications were most dis- 
tinct in the optic tectum It is evident that these communications gave 
opportunity for the exchange of fluid between the internal ceiebro- 
spmal fluid and the contents of the perivascular spaces This exchange 
was demonstrated by the intracranial injections 

It was observed repeatedly that the dye had penetiated from the 
ventricular space through the open communications into the peiivas- 
cular space of the subependymal blood vessels It is apparent, espe- 
ciall) in the case of the carbon granules, that the pai tides of dye were 
carried along in the perivascular spaces in the same diiection as that 
m which the blood flowed in the vessel If one follows an artery 
whose perivascular space communicates with the ventiicle, beginning 
at the point of this communication and going downstream, one still 
sees carbon particles lying around the vessel and its blanches in many 
sections aftei the arteiy has left the neighborhood of the ventricle 
Sometimes 40 sections (of 10 microns each) beyond the point of com- 
munication dye IS still present m the periarterial space If one follows 
this artery m the opposite direction, or upstream, it appears that the 
dye has hardly been earned along at all Three oi four sections in 
front of the communication of the ventricle with the perivascular space 
there are no longer any carbon particles around the vessel (fig 5 F) 
Hence, the dye pai tides have been carried in the peiivasculai space 
in the same direction as that in which the blood flows in the vessel, 
^\heleas no dye has been carried m the opposite diiection 

I saw a similar picture around veins In fish VII A, several 
■\"enous branches in the optic tectum joined and formed a small vein, 
just beneath the ependyma Soon there was an open communication 
between the ventricle and the perivenous space Here the ventricle 
contained many carbon pai tides, which entered the peiivenous space 
at the point of communication and from there weie seen around the 
vessel Then the vein left the region of the ventricle and passed through 
the optic tectum, still suriounded with dye Then, it opened into the 
venous network of the ineninx on the surface of the brain, while the 
perivascular space opened into the meningeal space (fig 5£) Here, 
therefoie, the perivenous space formed a direct junction canal between 
the ventricle and the meningeal space, and, again, dye was earned in 
the diiection of the blood current, that is, fiom the ventricle to the 
menmx Of course, all the periarteiial spaces which communicate with 
the ventricle also form such junction canals In these spaces the 
fluid flows from the menmx to the ventiicle (fig 5 C) 
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It IS curious that m all my fish arteries weie obseived lying just 
beneath the ependyma, these gave off branches penetiating the epen- 
dymal layer These arterial branches ran right through the ventiicular 
space toward the cerebellum,, which projects here into the ventricle 
They entered the cerebellum, wheie they ramified At the point where 
they passed through the ventricular space these arteries were not covered 
with an ependymal layer Ventricular fluid flowed aiound the adven- 
titia The perivascular spaces of these arteries opened into the ventricle 
wheie the vessels passed from the cerebrum into the ventricle and 
wheie the vessels left the ventricle and entered the cerebellum Heie, 
too, in fish VII A, carbon particles were cai ried from the ventricle 
into the perivascular spaces m the direction of the blood curient, and 
so into the cerebellum (fig 5 G) Charlton ° gives a figure showing 
a transventncular blood vessel m a viper He did not mention the 
behavior of the perivascular space 

It has already been noted that the peiivascular spaces communi- 
cate with the meningeal space (page 530), being, as it weie, continu- 
ations of the latter It is obvious that the external cerebrospinal fluid 
and the perivascular fluid are closely related The tiansportation of 
particles of dye here is interesting They penetrated from the menin- 
geal space into the perivascular spaces of arteiies entering the brain 
and were observed deep in the ceiebrum around these vessels and then 
branches Here, too, then, dye was transported in the direction of 
the blood current (fig 2 and fig 5 5) In the perivasculai spaces of 
veins leaving the brain and entering the meninx no dyestuff w^as found 
(fig 5 D) unless the perivascular space of the vein had been in connec- 
tion with the ventricle (fig 5 5) The blood current here is directed 
outward from the brain, and into the spaces around these veins no 
dye penetrates, for this would be against the blood stream 

In resume, the following facts concerning the perivascular spaces 
were noted 

1 Spaces surround the vessels in the brain of Carassius gibelio 

2 These perivascular spaces are in open communication with the 
meningeal space and wnth the ventricle 

3 Particles (of india ink or tiypan blue) in colloid suspension 
in the external or the internal cerebrospinal fluid pass through these 
communications from the meningeal space or the ventricle into the 
perivascular spaces 

4 These particles are cairied along in the perivascular spaces in 
the same direction as that in which the blood flows in the vessels 

9 Charlton, H H Gland-Like Ependymal Structure in the Brain, Proc 
Kong Akad van Wetenschappen 31 823, 1928 
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From these observations, i e, that the particles move from the 
ventricle and the meningeal space through open communications 
into the perivascular spaces and are carried along in these spaces, 
one may conclude that the cei ebrospinal fluid follows the same course 
The vessels m the brain aie therefore suriounded with cerebiospinal 
fluid, which moves in the same direction as the blood m the vessels 
and which is in direct connection with the external cei ebrospinal fluid. 



Fig 2 (fish VII A, section 53, 11,2) — Transverse section (about X 400) 
through medulla oblongata 

Here, can indicates central canal, containing dyestuff , ins, meningeal space , 
A has, basal artery , o, branch of basal artery, penetrating the nervous tissue , 
c, carbon particles m the perivascular space, carried along in the same direction 
as the blood stream (cf fig SB and C) 

aiound the brain, and with the internal cei ebrospinal fluid, m the 
ventricle 

Passage of the Cei ehiospmal Fluid — No special appaiatus for 
absoiption of cei ebi ospinal fluid comparable vith the arachnoidal 
villi of highei animals (Weed®), ^\as found heie The absoiption 
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of particles fiom the internal ceiebiospiiial fluid in the choroid plexus 
of the fourth ventiicle has alieady been mentioned Micioscopic 
examination of the specimens levealed many places wheie the passage 
of ceiebrospinal fluid fiom the cerebiospmal cavity might take place 
Ceivical Region The penceiebral space is most pionounced at 
the le\el of the fiist thiee ceivical veitebiae At the junction of the 



Fig 3 (fish VII A, section 34, I, 1) — Transverse section (about X 10) through 
the spinal column at level of the first vertebral arch (cf fig 6 G) 

Here, va indicates the vertebral arch , cv, the vei tebral body , med, the cervical 
portion of the cord , m, meningeal tissue , me, extravertebral meninx , mo, outer 
layer of the meninx , mii, muscle , c, accumulations of dye (carbon particles) in 
the extravertebral continuations of the meningeal space (fig 6 5) 

skull and the spine the peiicerebial space is laterally no longer enclosed 
by bone oi cartilage , hei e, thei e is a wide apei ture in the bony case, 
where the meningeal space is separated from the dorsal musculature 
only by the thin, pigmented outer layer of the memnx The first 
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spinal nerve, here, is composed of a dorsal and a ventral root The 
spinal ganglion lies in the meshlike meninx The outei lajer of 
the meninx has an aperture through which the spinal nen^es and 
blood vessels leave the meningeal space The meshhke meninx 
around these nerves and vessels merges with the loose connective 
tissue, which accompanies them faither 

Somewhat more caudally the spinal cord is surrounded by the 
first vertebral arch This arch, however, is too narrow to enclose 
the whole meningeal space, lateially, part of this space lies outside 



Fig 4 (fish VII A, section 18, 11,6) — Transverse section (about X 10) 
through the spinal column at level of the tlnrd cervical nerve (cf fig 6H) 

Here, va indicates vertebral arch, cv, vertebral body, med, cervical portion 
of cord, 711, meningeal tissue, containing carbon particles, di, dorsal root of third 
cervical nerve, vr, ventral root of third cervical nerve, g, ganglion, mu, muscle, 
c, accumulation of dye (carbon particles) in paravertebral connective tissue 

The roots of the third cervical nerve leave the vertebral canal here through 
an aperture between the vertebral arch and the vertebral body, the foramen 
mtervertebrale The meshhke meningeal tissue is in contact with the perivertebral 
connective tissue, but there is no sharp division between them Dye has been 
carried from the meningeal space into the connective tissue beside the spinal 
column 


the arch This extraA^eitebial continuation of the meningeal space 
IS earned caudally for a distance of seveial A^eitebial arches It is 
separated from the surrounding musculai and connective tissue by 
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the outei layei of the nieninx (fig 6B and fig 3) At the ventral 
side, howevei, this outer la)^er disappears, and the extravertebral 
meningeal tissue is in direct contact with the loose connective tissue, 
which reaches along the body of the first vertebra ventrally and 
contains a nunibei of veins It is not possible to mark exactly the 
partition between the ineninx and the connective tissue Certainly, 
it gives the impression that the external cei ebrospmal fluid can be 
carried here into the connective tissue 

Within the flist vertebral arch the spinal cord is enclosed in the 
fibrous shell (see page 525 and fig 6F) , somewhat nioie caudally the 
cord IS again suriounded by the usual meslilike meninx Close 
around the coid there is now a pigmented membrane 

Beneath the fiist vertebral aicli the second set of ceivical roots 
arises The roots join m the extravei tebral meninx, where the 
spinal ganglion also lies The pigmented membrane which encloses 
the spinal cord continues around the spinal loots, the ganglia and 
the nerves The spinal nerves, accompanied with blood vessels, 
enter the paravertebral connective tissue Here, too, no sharp division 
between meninx and connective tissue can be found, and, again, 
the passage of the external cerebrospinal fluid into the connective 
tissue is not improbable These relations aie nearly the same with 
the next set of cervical roots, but the extravertebral meningeal space 
becomes smaller here 

At the level of the fourth set of cervical loots, as well as of the 
following sets, however, no meshhke tissue lies along the spinal 
column The spinal ganglion now lies exactly in the intervertebral 
foramen, thereby practically filling it The meshhke meninx is not 
in contact with the loose connective tissue here It does not seem 
probable that the cerebrospinal fluid can still pass into the connective 
tissue here (fig 6E) 

The intracranial injections proved that cerebrospinal fluid indeed 
leaves the cerebrospinal cavity at the places wheie on microanatomic 
grounds the passage of cerebrospinal fluid was presumed to take 
place Accumulations of dye were found in the extravei tebial meninx 
The dye had spread fiom the meningeal space into the perineural 
and penvasculai loose connective tissue, where the outei layer of the 
meninx lets the spinal nerves and A'^essels through 

In the specimens m which injections of trypan blue were made 
the fibeis of connective tissue around the first thiee cervical nerves 
were colored blue to a considerable distance fioni the spine Many 
histiocytes carrjing granules of dye lay in this connective tissue In 
many blood vessels m this connective tissue were blue-stained endo- 
thelial cells, and sometimes a few cells with a blue protoplasm lay 
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Fig S — This diagram represents a sagittal section through the brain Arteries 
are shown in solid black, ■veins, in hatchure, and dje particles, as dots in india ink 
(A) The injected dye spreads through the whole meningeal space and through 
the ventricles (B-F) The blood vessels in the brain are surrounded by perivascular 
spaces (B) An artery projects from the meninx into the brain In its peri- 
vascular space dye is carried along in the same direction as the blood stream 
(C) An artery runs from the surface of the brain to the ventricle Its perivascular 
space forms a junction canal between the meningeal space and the ^entrlcle Dye 
IS carried m the perivascular space in the same direction as the blood stream 
A continuous row' of particles from the meninx to the ventricle has not yet been 
formed, and the dye has penetrated only halfw'aj (D) A vein leaves the brain 
The space around the vessel opens into the meningeal space No dye has pene- 
trated here (it would have been against the direction of the blood current') 
(£) The perivascular space of a vein communicates wuth the ventricle and later 
opens into the meningeal space Dye is transported here right through the brain, 
from the ventricle to the meningeal space (F) An artery lies just under the 
ependymal layer The perivascular space is in open communication w'lth the 
ventricle Through this communication dye penetrates into the perivascular space 
and IS carried downstream (G) An arterial branch goes right through the 
ventricle and enters the cerebellum Its perivascular space communicates with 
the ventricle Dye particles are earned along in the perivascular space and move 
in the direction of the blood stream (H) In the roof of the fourth ventricle no 
open foramen exists The roof, however, is extremely thin, locally, the ependymal 
layer is interrupted, and the roof consists of meninx only Probably, possibilities 
for the exchange of fluid are present here (;) The high epithelium of the 
choroid plexus of the fourth ventricle contains carbon particles, just where con- 
tact with the ventricular fluid is best At the base of the epithelium he many 
blood v^essels (in fish III B, containing blue coagulums) There is absorption of 
colloidal particles from the internal cerebrospinal fluid ' (K) Through the roof 

of the third ventricle communication exists between the ventricular fluid and the 
meningeal fluid (blue lines through the roof between the ependymal cells after 
injection of trypan blue') (L) A cianial nerve arises from the brain and leaves 
the cranial cavity through a foramen in the base of the skull (M) Along this 
nerve the meninx merges with the extracranial connective tissue Dye escapes 
from the meninx into the connective tissue and is here transported in adventitial 
hmph spaces (_N) No djestuff is to be seen m the cerebral parenchyma 



van RIJSSEL^CIRCULATION OF CEREBROSPINAL FLUID 537 


loose in the lumen of the vessel It was the same with the connective 
tissue extending from the region vential to the spinal coid, along 
the first vertebra, to the extiaveitebral ineninx The spread of the 
carbon particles was analogous These, too, were partly stoied in 
histiocytes, but free pai tides weie frequently noted in the connective 
tissue, especially immediately around blood vessels, in the adventitial 



Fig 6 — This diagiam represents the cervical portion of the cord and its 
surroundings 

(A) The meninx contains particles of dye in its meshes (5) Outside the 
first three vertebral arches lies part of the meningeal space, the arches being too 
narrow to enclose the whole meningeal space This extravertebral meninx con- 
tains much dyestuff (C) Along the first three cervical nerves the extravertebral 
meninx merges with the connective tissue Dye leaves the meningeal space here 
and enters the connective tissue (Z7) Dye is transported m adventitial lymph 
spaces (£) No passage of dye takes place at the level of the fourth cervical 
nerve The extravertebral menmx has ended here (F) Inside the first vertebral 
arch the meningeal space is filled with a stiff fibrous tissue, enclosing the cord 
as a shell (G) Level of the transverse section shown in figure 3 (H) Level of 

the transverse section shown in figure 4 

lymph spaces This transportation of d}'e took place along the first three 
sets of cervical roots (figs 4 and 6) More caudally I saw no spread 
of dye from the meningeal space into the connective tissue (fig 6 E) 
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Therefore the dye was not only removed from the meningeal space 
by histiocytes but was also transposed without having been stored in 
cells (blue fibers of the connective tissue and free carbon particles 
in the tissue clefts and lymph spaces) This proves that cerelrrospinal 
fluid, too, must have flowed here from the meningeal space into the 
connective tissue In the region of the first three cervical nerves, 
therefore, external cerebrospinal fluid is cairied from the cerebro- 
spinal cavity into the surrounding connective tissue 

Cranial Region In the cranial region, too, several possibilities 
for the transportation of cerebrospinal fluid were found Some cerebral 
nerves leave the skull through wide apertures m which the meshlike 
menmx and the exti acranial connective tissue are in contact with 
each other Here, too, one cannot mark a shaip division between 
them, and here, too, passage of the cerebrospinal fluid seems possible 
This IS especially noticeable along the olfactoiy neives and the optic 
chiasm 

Indeed, the injected dye evidently spread fiom the meningeal 
space into the spongy connective tissue, which, outside the skull, 
sui rounds the ceiebral neives (fig 5 L, M) Hence, the dye was 
carried through the foramens at the cranial base and was still visible 
at a considerable distance from the skull, e g , immediately undei 
the olfactory epithelium Here, too, the pathw'ays for the trans- 
poitation of dye lay mainly in the adventitia of the blood vessels 
Again, trypan blue w^as noted m histiocytes and gave a blue hue to 
the connective tissue, caibon particles were also seen as free corpus- 
cles in the tissue, w'here the}’- often lay in lows, thereby indicating 
the course of the tissue clefts and the lymph pathways 

This transpoi tation of dye w'as distinct along the olfactor} neives 
and the optic chiasm, but also along the trigeminal neive I sometimes 
found undeniable signs of dye escaping from the meningeal space into 
the extiacianial connective tissue Hence, it is evident that in the 
cianial region, too, dye was carried from the cei ebrospinal cavity 
at those places where on mici oanatomic grounds it w^as assumed that 
drainage of the cerebrospinal fluid exists, to wit, wdiere the meshlike 
menmx is in contact with loose connective tissue The tiansportation 
of free dye not stoied in cells proves that here, too, the cerebrospinal 
fluid must have left the meningeal space along the same pathways 

The transportation of external cerebrospinal fluid fiom the menin- 
geal meshes therefore occurs along the olfactory nerve, the optic 
chiasm, the trigeminal nerve and in the region of the first three 
cervical nerves 

One may expect that tiansportation of the dye particles thiough 
the tissue clefts and the lymph passages will finally bring them mto 
the blood Indications that the dye has actually reached the blood 
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were observed in both fish III B and fish VII A In fish III B I 
observed blue endothelial cells in the liver and in fish VII A I noted 
accumulations of carbon particles in a lymphoid part of the liver and 
some gianules in the interstitial tissue of the kidney 

Cei ebrospiml Parenchyma — Only exceptional!}^ was dyestuff seen 
m the cerebrospinal parenchyma In fish III B, blue-stained paren- 
chyma was noted in the olfactory tracts, around the sylvian aqueduct 
and m the floor of the fourth ventricle Blue-stained glial fibers were 
seen here In the corpora striata of fish VII A carbon particles were 
absented in the parenchyma just under the ependyma (m symmetric 
sites to the right and to the left) Generally, however, the paren- 
chyma was not colored, not even near those ventricular, perivascular 
or meningeal spaces which contained much dyestuff 

That intracranial injection of dye leaves the parenchyma uncolored 
is a common observation ( Goudsmit,^'^ Dewey Hence, between 
the cerebrospinal parenchyma and the internal, perivascular and 
external cerebrospinal fluid there also exists a barner, although it 
IS not an absolute one Stern’s statement that no barrier exists 
between the cerebrospinal fluid and the parenchyma seems to me 
inaccurate, at least for the fish used in this study To my mind, 
there exists a barrier between the blood and the cerebrospinal fluid 
(barnei I), as well a barrier between the cerebrospinal fluid and 
the parenchyma {bainei 11) The blood-cerebrospinal fluid barriei 
(/) lies in the walls of the blood vessels and in the choroid plexus , 
the cerebrospinal fluid-parenchyma barrier (77) lies in the ependyma 
(with respect to the ventricular fluid), in the membrana hmitans ghae 
perivascularis (with lespect to the peiivascular cerebrospinal fluid) 
and in the membrana hmitans ghae superficiahs (with respect to the 
external cerebrospinal fluid) (fig 8) 

, SCHEMATIC SYNOPSIS 

In figures 5 and 6 I have collected the most important of my 
observations The facts shown here diagi ammatically have been 
described in the text and are briefly noted in the explanations of 
the schemas 

10 Goudsmit, J Experimental Investigations with Trypan Blue, Thesis, 
A.msteidam, 1920 

11 Dewey, K W Contribution to the Study of the Pathways of the Cerebro- 
spinal Fluid and the Choroid Plexus, Anat Rec 15 1, 1918 

12 Stern, L ^ La barnere hemato-encephalique en physiologie et en clinique, 
Schweiz med Wchnschr 53*792, 1923 Stern, L, and Gautier, R Recherches 
sur le liquide cephalorachidien. Arch internat de physiol 17 138 and 391, 1921 , 
20 403, 1923 
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COMMENT 

My obseivations piove experimentally that in Carassius gibelio 
the cerebrospinal fluid in the peiivascular spaces flows in the same 
direction as the blood This movement of the cerebrospinal fluid 
must be caused by the pulse wave Hence, the heart furnishes the 
driving powder for the intiacerebral movement of the cerebrospinal 
fluid These facts confirm for Carassius gibelio the hypothesis of 
Sepp and Berkelbach van den Sprenkel, wdio concluded on theoretic 
grounds that movement of the cerebrospinal fluid is produced by the 
pulse wave 

I have not been able to prove the existence of perivascular spaces 
around the capillaries, and the dje has nowhere penetrated so far 
I cannot decide whether the peiivascular spaces actually end in the 
precapillary regions or wdiethei they are still virtually present around 
the capillaries Diagiammaticall 3 % one can imagine that the movement 
of perivascular fluid occurs as follows (fig 7) 

The pulse wave in the aiter}”^ massages the cerebi ospinal fluid 
deeper into the perivascular space There aie three now possible 
courses for the fluid 

1 The cerebrospinal fluid penetrates into the parench)ma (A) 
This penetration, if present, must be controlled by the cei ebrospinal 
fluid — parenchyma barrier (bauiei II) At the same time, fluid wall 
leave the parenchyma and entei the perivascular spaces of the \enous 
system (D) 

2 The cerebrospinal fluid is absorbed into the blood {B) 

3 If spaces are still virtually present around the capillaiies it 
will be possible for the cerebrospinal fluid to move along the capillaries 
to the spaces around the venous system {C-E) 

In my experiments the particles of dye did not penetrate fai 
enough in the perivascular spaces of the small arteries to make it 
possible to decide which of these three theoretically possible courses 
actually is follow^ed by the cerebrospinal fluid My sections prove 
only that the perivascular cerebrospinal fluid moves in the same 
direction as the blood in the vessel, hence, I think, the pulse w'a\e 
must be the driving power for this movement 

That communications between the perivascular spaces and the 
ventricle were regularly found is essential to the conception of the 
circulation of cerebrospinal fluid in fishes In the literatuie I found 
no observations on such open communications 

Nowhere did I see peiivascular spaces communicating with peri- 
cellular spaces, as described by Mott^® Moieover, the dye w'as 

13 Mott, F W The Oliver- Sharpey Lectures on Cerebrospinal Fluid, 
Lancet 2 1 and 79, 1910 
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nevei obaeived to leach these peiicellular clefts, which I look on as 
artefacts (Gadiat^^) In figure 8, finally, the lelations between 
the blood, the cerebrospinal fluid and the cei ebrospinal parenchyma 
are shown as I have conceived them to be in Carassius gibelio, on 
the basis of the observations described here 



Fig 7 (partly after Sepp 2) — On consideration of what happens to the peri- 
vascular cerebrospinal fluid in the precapillary region when it is driven by the 
pulse wave (P) deeper into the periarterial space, three possibilities suggest them- 
selves 1 The cerebrospinal fluid may leave the penaiterial space and enter the 
parenchyma (A) Simultaneously, fluid will leave the parenchyma and flow into 
the perivenous spaces (D) 2 The cerebrospinal fluid may pass through the wall 

of the vessel (B) and be absorbed into the blood 3 If perivascular spaces are 
still present around the capillaries, it will also be possible for the cerebrospinal 
fluid to reach the perivascular spaces of the venous system (C-P) by this route 

SUMMARY 

Fiom this microscopic study of Carassius gibelio, especially after 
intracranial injections of dyestuff, the following conclusions may be 
drawn 

1 Perivascular spaces accompany the blood vessels in the brain 

2 These perivascular spaces are m open communication with 
the meningeal meshes and tvith the ventiicular space 

3 The peiivascular spaces contain cerebrospinal fluid This peri- 
vasculai cerebrospinal fluid is in direct communication with the 


14 Gadrat, J De 1’ espace penvasculaire du cerveau et de la moelle. Pans, 
J B Bailhere et fils, 1931 
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internal cerebrospinal fluid, in the ventricle, and with the external 
cerebrospinal fluid, in the meningeal spaces 

4 The perivascular cerebrospinal fluid moves in the same direction 
as the blood stream in the vessels This movement is caused by 
the pulse wave 

5 Transventricular arteries are regularly present 

6 The ventricular system contains cerebrospinal fluid (internal 
cei ebrospinal fluid) , the brain is surrounded with cerebrospinal fluid 
(external cerebi ospinal fluid), lying in the meshes and chambers of 
the meningeal tissue 

7 An extensive exchange of fluid occurs between the internal 
and the external cerebrospinal fluid, as shown by the rapid spread 



Fig 8 — Probable relations of the biood, the cerebrospinal fluid and the cerebro- 
spinal parenchyma in Carassius gibelio 

It IS to be noted (1) that there is always cerebrospinal fluid between the blood 
and the parench\ma, (2) that selective barriers separate the cerebrospinal fluid 
from the blood and the parenchyma from the cerebrospinal fluid, and (3) that 
ventricles, meningeal space and perivascular spaces form one communicating 
svstem, containing the cerebrospinal fluid 


through both of dye injected into the pericerebral spaces This 
exchange of fluids occurs (a) through the thin roof of the third 
\entncle and (b) through the perivascular spaces of vessels reaching 
the surface of the brain from the ventricle 

8 The roof of the fourth ventricle has no open foramen This 
roof IS locally extremely thin , in some places there is no ependyma, 
and the roof consists of menmx only 
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9 The choroid plexus of the fourth ventricle absorbs colloidally 
suspended particles from the internal cerebrospinal fluid 

10 Interepithelial capillaries occur in the choroid plexus of the 
third ventricle, in the pineal tube and in the roof of the third ventricle 

11 Transitions between meninx and connective tissue occur along 
the olfactory nerves, the optic chiasm, the trigeminal nerves and the 
first three cervical nerves 

12 At these points the external cerebrospinal fluid drains into the 
connective tissue 

13 With respect to trypan blue there exist a blood-cerebrospinal 
fluid barrier and a less absolute cerebrospinal fluid-parenchyma bar- 
rier With respect to india ink the second barrier is the stronger 

Laboratory of Pathology, Oostersingel 63 



ELECTRICAL RESISTANCE OF THE SKIN 

Effect of Size of Electrodes, Exercise and Cutaneous Hydration 
IRVIN H BLANK, PhD 

AND 

JACOB E FINESINGER, MD 
BOSTON 

V ARIOUS factors influencing the ineasiiiement of skin resistance 
have been repeatedly investigated Various types of appaiatus, 
electrodes and electrode pastes have been used in these investigations 
Variations in skin lesistance have often been obseived which were not 
entirely understood We have felt that by a bettei understanding of the 
variations in the technic of measuiing skin lesistance more consistent 
and comparable results could be obtained The use of a standardized 
technic by different investigatois would be helpful 

Several 3'’ears ago we built an appaiatus for measuiing the galvanic 
skin response (psychogalvanic leflex) This apparatus' made use of a 
Wheatstone bridge circuit, in which a pulsating, diiect current of con- 
stant ampeiage flowed continuously through a subject who was connected 
into one of the arms of the budge Not long after we started to use this 
apparatus for investigating the galvanic skin response to auditory stimuli 
It was observed that it was sometimes difficult to obtain a constant 
resistance to be used as a base line fiom which the effect of a stimulus 
could be measured As a rule the lesistance dropped during the first 
twenty to thirty minutes, but it did not always diop the same amount 
Other investigators ^ have also observed this drop In addition, the 
apparent, or measured, resistance of the same aiea of skin on the same 
subject vaiied from day to day It was not always possible to obtain 
a constant resistance even when all external stimuli were held at a 
minimum What factors other than psychic stimuli ueie lesponsible 
for these changes m skin lesistance^ 

_ A review of the literature and discussion of the pioblem with several 
investigators working m this field did not yield specific information as 
to the causes of change m apparent lesistance othei than psychic stimuli 

From the Departments of Dermatology and Neuropsychiatry', Harvard Medi- 
cal School, and the Departments of Dermatology' and Psychiatry', Massachusetts 
General Hospital 

1 Thouless, R H The Technique of Experimentation on the Psy'cliogal- 
vanic Reflex Phenomenon and the Phenomenon of Tarchanoff, Brit J Psychol 
20 219-240 and 309-321, 1930 
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Landis and DeWick“ published a re\iew of the entire field in 1929, 
which as extensively expanded hy Landis in 1932 " Many reports by 
other investigators have appeared since then; the papers appl}ing 
directly to the factors v e are investigating v.nll be cited in the context of 
the paper 

Our early vork on this problem led us to believe that such factors 
as (a) variations in the size of the electrode, (b) the amount of activity 
previous to the measurement of the apparent resistance and (c) the 
h} dration of the skin b}' the electrode paste had not been given sufficient 
consideration by man}' of the workers in this field. The results of the 
investigations of these three factors are reported m this paper 

APPARATUS 

A simple apparatus v as constructed for us b% Dr. A enger, matting 
use of the Leiine circuiL'^ The apparatus ffig \) consists of t” o 45 *,oIt dre 
cells connected in senes, ti’.o Centralab variable resistances of 50 and 750 ohms 
ma> imum resistance connected as a potential di . ’der, a Tnplet D C • oltmeter 
no 677 and a Triplet D C microammeter no 676 The entire apparatus '.as 
assembled at a cost of less than $25 Since the smallest scale dnis’on of the 
microammetcr is 1 microampere, this instrument is rot '.or,' accurate v.hen one 
IS v.'orking vith e.-trcmiel/ small currents Up to the present ve ha'.e been 
interested in large changes and haie found this instrument sufifciemth accurate 
for our needs 


PACTOPS APPECTING RESISTnX'CE OF SKIX 

Size of Electrode — ^\Vith any type of electrode the junction betv.een 
the metallic element and the subject is alv.ajs made with an aqueous 
solution of an electroljte Under some conditions this solution ma}' be 
only the normal sweat on the skin Inert nonelectrol}1;es, such as kaolin 
or agar, maj be added to give a semisolid or gel consistency' to the 
electrolyte solution Some investigators have discussed the effect of 
the size of the electrode on the apparent resistance 

If the metallic element of the electrode is carefuhy placed on the 
skin, v/ith only a film of the electrolyte solution between the metal and 
the skin, the area of the metallic element and the area of the skin v. et 
with the solution are approximately equal With certain types of elec- 
trodes, however, the metallic element ma} be at some distance from the 
skin, and the area of the metallic element may differ appreciably from 

2 Landis, C and DeWick, H X The Electrical Phenomena of tr>c SHn 
(Psjehogahame Refler), Psychol Bull 26.64-119, 1929 

3 Landis, C Electrical Phenomena of the S^n fGahanic SHn Response), 
Psichol Bull 29.693-752, 1932 

4 Leiine, M l^feasureirent of Electrical Shin Resistance Arch 2\ejrol S 
PsrchiaL 29.828-842 f April) 1933 
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the area of the skin wet with the solution Under such conditions, how 
IS the size of the electrode to be determined? If the area of skin wet 
with the electrolyte solution changes during the experiment as a result 
of evaporation of water from the electrode paste, how will this affect 
the apparent resistance of the skin? To answer these questions, the 
following investigations were carried out 

A Lucite cup electrode 5 (fig 2), described in the following paragraph, was 
selected because it may be readily constructed in a variety of sizes, and the size 
of the metallic element within the Lucite cup may be varied independently of the 
size of the cup The electrode paste is confined to a definite area of the skin, 
and evaporation of water from the paste is prevented In addition, the electrode 
can be easily and quickly applied and removed from the cutaneous surface 



Fig 1 — Apparatus for measurement of electrical skin resistance 


The metallic element in this electrode is a thin (0 S mm ) zinc disk The 
electrolyte solution is 1 per cent zinc sulfate made into a paste with S per cent 
agar The electrode is constructed so that the zinc disk is in contact with the 
base of the shallow Lucite cup, 5 mm in depth The disk has the same diameter 
as the cup, allowing onlj enough clearance so that it maj be removed for cleaning 
The cup is filled with the zinc sulfate-agar paste The electrode is held in 
place on the skin by means of a strip of sheet rubber around the hand or arm 
These electrodes may be quickly and easily applied to -an extremity and held 
firmly in place with a minimum of discomfort to the subject 

Pairs of electrodes whose cups and disks were 1, 2 and 4 cm in diameter 
were constructed The subject was lying dowm at rest during the entire experi- 
ment Since It was desired to minimize the changes in resistance due to sweat- 
ing, the volar surface of the forearm, which has fewer and less active sweat 

S Designed by Dr M A Wenger and manufactured by Forest Products, 
Inc , 739 Boylston Street, Boston ^ 


BL4NK-FINES1NGER~ELEC1RICAL RESISTANCE OF SKIN 547 


glands than the palms, was chosen for this study The skm of the volar surface 
of the forearm is anatomically similar to the skm of the dorsum of the hand, an 
area frequently used by other investigators 

A 2 cm electrode was placed on the midvolai surface of each forearm, and 
the apparent resistance was measured at a potential of 1 volt, the current being 
allowed to flow through the subject for not longei than three seconds The elec- 
trodes were remo\ed immediately after the reading was made, in this way the 
electrodes did not stay on the skin longer than one minute This technic was used 



Fig 2 — Lucite cup electrode 


in order that an> changes in the skin due to the flow of current or hydration of the 
skin might be minimized Although one cannot be sure that no such changes occur 
in the skin, even w'hen the current is allowed to flow for only a short time or 
when contact of the electrode with the skin is of short duration, evidence is avail- 
able that if such changes do occur they are nearly reversible, and hence the four 
minute period allowed to elapse before the electrodes are again applied to the 
skm IS ample time for recovery to take place 

For this experiment, measurements were made on the same area of skm 
every five minutes, until three or four successive measurements gave similar 
results When the readings became constant, the subject was judged to be 

Table 1 — Effect of Stce of Electrode on Appaient Skm Resistance" 


Size of Electrode 

, Apparent Resistance, in Ohms x lO-s for Six Subjects 


Diameter, 

Cm 

Area, 

Cm2 

f 

1 

2 

K 

3 

4 

5 

6 

10 

0 79 

3,760 

4,280 

5,000 

6,000 

6,000 

26,000 

20 

314 

1,430 

1,760 

3,330 

2,500 

2,500 

8 330 

40 

12 56 

517 

400 

698 

545 

980 

2,940 


* Voltage was 1 0 


sufficiently rested, so that any previous activity he may have had no longer affected 
the skm resistance This point was reached about thirty minutes after the sub- 
ject lay down After the thirty minute rest period a new area of the volar 
surface of each forearm closer to the antecubital space was chosen, and similar 
successive readings were made with pairs of electrodes which were 1, 2 and 
4 cm m diameter The apparent resistances determined for an experiment of this 
type on 6 subjects, m which the three sizes of electrodes were used, are shown in 
table 1 It IS clearly seen in the values for each subject that the apparent resis- 
tance decreases as the size of the electrode increases 
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If, in the circuit being investigated, the body of the subject con- 
ducted electricity in the same wa}’’ as does an electrolyte solution, the 
current density (microamperes per square centimeters) would be con- 
stant and independent of the size of the electrode In table 2, which 
shows the same data as table 1 calculated as current densities, it is seen 
that the current density is not constant when the size of the electrode 
changes The greatest divergence occurs for the 1 cm electrodes This 

Table 2 — Vauatwns m the Cut rent Density* as the Stse of the Electtode 

Is Varied 


Size of Electrode 


Current Density for Si'^ Subjects 


Diameter 

Cm 

Area 
Cm - 

/ 

1 

2 



3 

4 

5 

0 

10 

0 79 

1 01 

0E9 

0 77 

0 63 

064 

0 25 

^ 20 

3 14 

0 60 

054 

0 39 

0 38 

0 38 

019 

40 

12 50 

0 40 

0 00 

0 34 

0 44 

0 20 

014 


* Current density is e\pressed m microamperes per square centimeter 


may be due to the lack of refinement m technic, or it may indicate the 
difference of the conductance of the body as compared with the con- 
ductance of an electrolyte solution Nonuniformity of the skin no doubt 
affects these measurements 

When using other types of electrodes, we had the impression that 
the size of the metallic element could be varied appreciably without 
changing the apparent skin resistance as long as the area of skin wet 
with the electrolyte solution was held constant The present type of 
electrode offered a good opportunity for studying this impression more 


Table 3 — Effect of Changing the Stse of the Metallic Disk Only on Appaient 

Skin Resistance "*■ 


Area of 
Lucite 
Cup, Cm ~ 

Area of 
Metallic 
Disk, Cm = 


Apparent Rcsi'^tance, in 

Ohms X lfr-3 for Si\ Subjects 


1 

2 

3 

4 

5 

6 

12 56 

12 56 

833 

517 

400 

3,070 

6,230 


12 56 

3 14 

833 

483 

309 

3,330 

6,230 

1,430 

12 56 

0 79 

S33 

517 

219 

3,070 

5,550 

1,210 


* Voltage was 1 0 


careful!}' Measurements were made on the volar suiface of the forearm 
of 6 subjects at rest for at least thirty minutes The 4 cm cup ^\as used 
with the 1, 2 and 4 cm zinc disks Table 3 shows that the apparent 
skin resistance remained nearly constant if the area of skin wet with the 
electrolyte solution was constant, even when the area of the metallic 
element varied sixteenfold The area of skin wet with the electrolj'te 
solution \\ ill be called the “effective electrode ” 
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The foiegoing data indicate that caie should be used in applying 
electrodes to the suiface of the skin If an area of the skin laiger than 
the area of the electiode is accidentally wet with the electrolyte solution, 
the apparent skin lesistance will be low, and as the wet area outside the 
electiode dues the appaient skin lesistance will inciease This is 
specificall} demonstiated in the following expel iment 

Two sets of electrodes, each 2 cm in diameter, weie applied to the volar 
surfaces of the forearms and allowed to remain on the skin contmuousb for the 
duration of the experiment Measuiements of resistance were made at a potential 
of 1 volt every five minutes until the resistances became constant At this time 
an area about 1 cm wide outside each of two electrodes was wet by swabbing 
with a 1 per cent solution of zinc sulfate The skin outside the other two electrodes 
was not vet with the solution 

The apparent resistance immediatel}^ deci eased f6i the set of elec- 
tiodes aiound which the skin was swabbed but as the skin spontaneous!} 
dried the apparent lesistance giadually returned to almost the same 
value as that pievious to swabbing The appaient lesistance lemained 
constant foi the unswabbed aieas Figuie 3 also shows that the letuin 
after svvabbing was hastened if the evapoiation was speeded up by 
blowing the swabbed ai eas with an Liu and Wu ® i efei i ed to a deci ease 
in resistance when they wet their electiodes w'lth saline solution 

Thus it IS cleaily seen that the appaient lesistance decreases as the 
size of the electrode is inci eased and that the size of the effective elec- 
tiode is determined not by the size of the electiode itself, oi of the 
metallic pait of the electiode, but by the area of skin wet \vith the elec- 
trolyte solution Although many investigators have pointed out the 
necessity of preventing evapoiation from the electrode paste m older to 
avoid changes in the concentration of the paste, we believe that a gieatei 
ai tefact is due to changes in size of the effective electi ode as evapoi ation 
occurs Water oi aqueous solutions are often used for cleansing the 
skin befoie the electrodes are applied, and subsequent evapoiation of 
these solutions outside the aiea covered by the electrode changes the 
size of the effective electrode The results of the experiment just 
described suggest that the changes in apparent resistance obseived 
during piofuse sweating, as in cases of hyperhidiosis, may be due to 
an mciease in the size of the effective electrode when continuity is 
■established between the electrode paste and the film of sweat outside the 
limits of the electrode For an actively sweating palm the size of the 
effective electrode would be difficult to determine In describing a 
technic for measuring skin resistance, the actual area of skin wet with 
the electiode solution should be stated, and this area should be held as 
nearly constant as possible for the duration of the experiment 

6 Liu, S C , and Wu, H A Method for Measuring {he True Electrical 
Resistance of the Skin, with Some Observations, Chinese J Physiol 6 63-70, 1932 
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Exercise —'Smct measurements of skin resistance are frequently 
made on ambulator}’’ subjects, the amount of activity just previous to 
the time when the resistance is measured will vary Reports of these 
measurements do not always indicate the extent of this activity, such as 
walking 01 climbing stairs, and often do not state whether or not the 
subject was asked to rest before the measurement was made During 
lest following exercise, there probably will be an increase m apparent 
resistance, possibl}? associated with decrease in sweating and relaxation 
of muscular tension ® The following experiment has been chosen, from 


OHMSXIO ^ 



Fig 3 Effect on the apparent resistance of the skin of increasing the size 
of the effective electrodes by swabbing the skin around the electrodes 

The solid line shows readings for the control electrodes , the broken line, 
readings for the electrodes around which the skin was swabbed with 1 per cent 
aqueous solution of zinc sulfate, at twenty, thirty-two and thirty-four minutes 
Drying occurred spontaneously after the first swabbing, the area was blown with 
air after the second and third swabbings 


7 Richter, C P Physiological Factors Involved in the Electrical Resistance 
of the Skin, Am J Ph\siol 88 596-615, 1929 

8 White, M M Relation of Bodily Tension to Electrical Resistance, J 
Exper Psychol 13 267-277, 1930 Wenger, M A A Study of Physiological 
Factors The Autonomic Nervous Svstem and the Skeletal Musculature, Human 
Biol 14 69-84, 1942 
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many similai tests we have made, to show the use and fall of apparent 
lesistance during rest and exercise 

A subject who had been walking a little just previous to the experiment was 
asked to he down Lucite electrodes were immediately applied to the midvolar 
surfaces of both forearms and to both palms and were allowed to remain m place 
for the entire experiment Single measurements of skin resistance at a potential 
of 1 volt were made on the forearms and the palms at five-minute inter\als For 
each measurement the current was allowed to flow for less than three seconds 
After twenty minutes tiie successive measurements became relatively constant, 
indicating that the effect of any previous exercise had disappeared After thirty 
minutes the subject was asked to stand up and start exercising by stepping up 



MINUTES 

Fig 4 — Effect of rest and exercise on the apparent resistance of the skin 
The solid line indicates readings for the palms, the broken line, readings for the 
volar surfaces of the forearms 

and down on a 12 inch (30 cm ) step at the rate of sixteen times per minute 
This was continued for four minutes, measurements of resistance being made 
every minute The subject again lay down, and measurements of resistance were 
continued every five minutes for thirty minutes The results of this experiment 
are shown in figure 4 

During the first twenty minutes the apparent resistance of both the 
forearms and the palms rises We believe that the change in apparent 
resistance during the first rest period is the resultant of at least two 
factors the rise in resistance resulting from resting and a decrease in 
resistance associated with hydration of the stratum corneum by the 
electrode paste The lattei factor will be discussed in the succeeding 
section of this paper 
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The apparent resistance of the volar surface rises fairly uniformly 
This probably indicates that the sweat glands of this suiface steadily 
decrease their rate of functioning The lower apparent resistance of the 
palms as compared with that of the volar surfaces at the end of the rest 
period probably indicates that during rest the sweat glands of the palms 
are more active than the sweat glands of the forearms As the subject 
begins to exercise, the palmar lesistance quickly drops to a minimum, 
at about which level it remains during continued exercise The resistance 
of the skin of the forearm drops more slowly but reaches approximately 
the same level We feel that this low level of resistance of both the 
palms and the volar surfaces of the forearms repiesents the resistance 
of these areas of skin at a time when the sweat glands are actively 
functioning , It is interesting that at this time the apparent resistance 
of the palms and that of the surfaces of the forearms are of the same 
magnitude During the rest period following exercise the rise m 
apparent resistance, which accompanies lesting, with its diminished 
activity of the sweat glands, is again seen 

This experiment indicates that a subject for measuiements of skin 
resistance should have a rest period before the measurements are made 
' in order to minimize the effects of his previous activities 

HydfaUon of the Skin — In a study of some of the factors associated 
with the measurement of skin lesistance, Levine^ stated 

One might expect that the paste, soaking the skin, might lower its resis- 
tance, or that the paste might provide stimuli which could produce changes But 
again the fact that after long periods of contact with the paste, the resistance 
may, m different patients, remain the same, may increase or may decrease, offers 
strong evidence against the idea that the paste itself can change skin resistance 

We, too, have observed that during the first half-hour the electiodes 
are on the skin the apparent resistance may sometimes decrease, some- 
times increase or sometimes remain nearly constant These variations, 
which may be large or small, may occur m the same subject when 
measuiements are being made at different times or may be observed on 
two subjects measuied at the same time We have not felt, however, 
that these observations justified the conclusion drawn by Levine that 
this is “strong evidence against the idea that the paste itself can change 
skin resistance ” The electrode paste might be acting on the skin so as 
always to change the apparent skin resistance m one direction If at 
the same time another factor were acting to change the skin resistance 
in the opposite direction, the resultant change in resistance would be the 
sum of the changes caused by the two factors, and the resultant change 
might be in either direction, depending on which factor was the greater 

We believe that this is actually what was happening m the experi- 
ments of Levine, and what happens when many types of electrodes are 
used In the previous section of this paper it was shown that the 



BLANK-FINESINGER— ELECTRICAL RESISTANCE OF SKIN 553 


apparent skin lesistance increases duiing a period of rest following 
exeicise We believe that the electrode paste causes hydration of the 
outermost layer of the skin, which lesults in a decrease in appaient skin 
lesistance Ebbecke “ has lef erred to this drop in resistance which 
accompanies hydiation of the skin If the changes due to resting and to 
hydiation occui simultaneous!), the lesultant change is the algebraic 
sum of these two factois and may be eithei an increase or a deciease, 
depending on which factoi is the gieatei The following expeiiments 
were devised to test this h)pothesis and to evaluate the factois of exercise 
and hydiation 

Subjects were asked to lie down at the beginning of the experiment and 
remained lying down with tlieir arms in the same position throughout the expeii- 
ment Two of the cup electiodes 2 cm in diameter, filled with a 1 per cent 
zinc sulfate-agar jelly, as preMOUsly described, were placed on the volar surface 
of each forearm near the antecubital space These electrodes were allowed to 
remain in position on each forearm in contact with the skin throughout the whole 
experiment, which lasted about one houi Another set of similar electrodes was 
placed on the forearms about 3 cm below the first set During the first part of 
the experiment the second set of electrodes was allowed to remain on the skin 
each time only long enough to obtain a reading and then removed The time 
required to obtain a reading was from thirty to sixty seconds, and the actual 
time during which current flowed through the skin was less than three seconds 
A potential of 4 volts was used, and readings were made at five minute intervals 
After each reading the electrodes were removed, and the areas of skin in contact 
with the electrodes were gently wiped with gauze After the apparent resistance 
became constant, i e , when three consecutive readings were the same, it was 
judged that the factor of exercise, or, more correctl}’’, that of rest following exercise, 
was no longer causing the apparent skm resistance to change At this point the 
electrodes were placed on the same areas of the skin and from this time on 
were not removed after each reading 

Figure 5 shows the changes which occurred in similar experiments 
on 2 subjects The solid line in each graph indicates changes as 
measured with the electrodes which lemamed m place continuously 
throughout the whole experiment The dotted line m each graph repie- 
sents the changes as measured with electrodes which were removed after 
each reading for the first thirty minutes and then allowed to remain 
continuously on the skin for the second thirty minutes We believe that 
when the electiodes were removed the changes m resistance were due 
primarily to the rest following exercise When the electrodes subse- 
quently remained in place, the changes were due piimaiily to the hydra- 
tion of the skin by the elect! ode paste As shown m figure 5 A, the 
hydration caused a drop in apparent skm resistance which was greater 
than the rise which occurred during resting Thus there resulted a net 

9 Ebbecke, U Die lokale galvamsche Reaktion der Haut, Arch f d ges 
Physiol 190 230-269, 1921 
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decrease in apparent skin resistance In figure 5 B the drop caused by 
the h}dration is less than the rise caused bj lesting, and hence there is 
a net increase in the apparent resistance The results for these 2 
experiments aie shown because for 1 of the subjects the apparent 
resistance rose and for the other the resistance fell during similar deter- 
minations This IS the situation mentioned by Levine 

The skin is a complex organ, anatomicall) and physiologically When 
a 1 per cent zinc sulfate-agar jelly is placed on the skin, many changes 



Fig 5 — Effect on the apparent resistance of the skin of removing electrodes 
between readings The broken line indicates readings tor the first set of elec- 
trodes, removed between readings for thirty minutes and then left on the skin 
continuously, the solid line, readings for the second set of electrodes, left on the 
skin continuously The graphs are for 2 subjects, A and B 

may occur which might cause a drop m skin lesistance It is our opinion 
that one of the most probable mechanisms pioducing this change is the 
hydration of the outermost layer of the skin the stratum corneum Most 
of the tissues of the body are relatively good conductors of electricity 
The skin, on the other hand, is a poor conductoi , i e , it has a high 
resistance The seat of this high resistance is probably the outer layer 
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or layers of the skin, since the lesistance can be greatly reduced by the 
most superficial abiasion oi puncture’® The stiatum corneum is thought 
to contain less than 20 pei cent water, as compared with the deeper 
layeis of skin and other body tissues, which contain fiom 75 to 80 pei 
cent water” The cells of the stratum corneum have lost their water 
during the normal process of keratmization These cells, however, lela- 
tively easily take up water again, i e , become hydiated On hydration 
the stratum corneum might be expected to become a bettei conductor, 
since electrolytes are aheady present in this tissue If this hypothesis 
is correct, the skin when covered with a gauze compress soaked with 
distilled water should show a drop in lesistance similar to that occurring 
when it IS covered with an electiode of the type previously described 
Also, the resistance should again rise when the skin is allowed to dry 
out b} removing the electrodes from a hydiated area The results of 
the following experiment, as shown in figure 6, suppoit this hypothesis 

Two sets of electrodes were placed on the forearms, as in the previous experi- 
ment During the first thirty minutes of rest each set remained on the skin 
only long enough to obtain one measurement every five minutes After thirtj 
minutes one set of electrodes was placed on the skin and allowed to remain in 
place, and the current was allowed to flow through the skin for only three seconds 
each time the resistance was measured The other areas of skm the resistance 
of which had been measured were covered with gauze compresses wet with dis- 
tilled water The area of each compress was the same as that of the electrodes 
These remained on the skm for fifteen minutes At the end of this time the com- 
presses were removed, the areas gently but thoroughly dried with gauze and 
the electrodes ’immediateb placed on the skm and allowed to remain in con- 
tact with the skm for fifteen minutes After fifteen minutes the electrodes were 
again removed and during the succeeding twenty minutes were placed on the 
skm only long enough to make a measurement of resistance once everj five minutes 


In figure 6 it is seen that the area to which no compress was applied 
shows a change in apparent resistance quite similar to that illustrated by 
the broken lines m figuie 5 It is also seen that the aieas wet with distilled 
water alone, as illustrated by the solid line in figure 6, show a decrease 
in apparent resistance during the fifteen minute period of application of 
compresses approximately equal to the decrease in apparent resistance 
which occurs when the electrodes are held continuously to the skm 


10 Richter, C P The Significance of Changes in the Electrical Resistance 
of the Body During Sleep, Proc Nat Acad Sc 12-214-222, 1926 Lewis, T, 
and Zotterman, Y Vascular Reactions of the Skm to Injury VIII The 
Resistance of Human Skm to Constant Currents m Relation to Injury and Vas- 
cular Response, J Physiol 62 280-288, 1927 Densham, H B , and Wells, H M 
The Mechanism by Which the Electrical Resistance of the Skin Is Altered, Quart 
J E\per Physiol 18 175-184, 1927 

11 Rothman, S, and Schaaff, F, m Jadassohn, J Haiidbuch der Haut- 
und Geschlechtskrankheiten, Berlin, Julius Springer, 1929, pp 167-171 and 275-278 
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When the electrodes are removed from the skm, the apparent resistance 
again increases, a change which we feel is due to di3^mg out of the 
stratum corneum 

These experiments show that the apparent resistance diops as a 
lesult of contact of water or aqueous solutions with the skin and that 
this deciease is caused by hydration resulting from contact of the elec- 
tiode paste with the skm In experiments which measure the effect of 
various stimuli on appaient resistance, it would be best to allow tins 



MiNU^tS 

Fig 6 — Effect on the apparent resistance of the skin of application to the skin 
of compresses wet with distilled water The broken line indicates readings 
for the first set of electrodes, removed between readings for thirtv minutes and 
then left on the skin continuously for fifty minutes The solid line represents 
readings for the second set of electrodes These electrodes were removed between 
readings for thirtv mmutues, compresses were applied for fifteen minutes, and 
electrodes were left continuously on the skm for fifteen minutes and then removed 
between readings during the final twenty minutes 

hydration to occur and the apparent resistance to become constant before 
attempting to measure the effect of the stimuli 

SUMMARY 

The following observations were made 1 Apparent skm lesistance 
decreases (a) as the size of the electrode is mci eased and (b) as the 
superficial layer or layers of skin become hydrated as a result of con- 
tinuous contact of electiode paste with the skin 2 Apparent skin 
resistance increases during rest following exercise or activity 3 The 
size of the electrode is detern^ned by the aiea of skm wet with the 
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electrode paste or s\\eat (eftective electrode), and not by the absolute 
size of an\ part of the electrode itself 4 Any aqueous film, such as 
si\eat, outside the area of the electiode, but continuous ^\lth the electrode 
paste, acts to increase the size of the eftective electrode 5 The values 
foi apparent resistance of tvo areas of skin, such as the palmai 
and the volai surface ot the foreaims vhich ma} diftei greatl} when 
the subject is at rest approach the same magnitude vhen the patient 
exercises vigoi ously 

In an} expeiiinent in which the eftect of a stimulus on appaient skin 
lesistance is being measuied one should be sure that the resistance is 
not changing as a result of (a) \ariation in the area of skin w^et with 
the electrode paste oi with sweat, (b) rest following exercise or {c) 
hydration of the ‘^kin b} the electrode paste 



NEUROLOGIC DISEASE FOLLOWING INFECTIONS OF THROAT 
AND SKIN AND INCIDENCE OF DIPHTHERITIC INFECTIONS 


CAPTAIN LEWIS H BRONSON 

MEDICAL CORPS, ARMY OF THE UNITED STATES 

A NEUROLOGIC syndrome apparently infectious in origin has been 
reported among the members of the armed forces of the United 
States in the recent wai These patients have shown varying degrees 
of neurologic disturbance, ranging from mild peripheral neuritis to 
severe debilit}'' involving the central nervous system as well as the 
peripheral nerves, similar to the Guillam-Barre syndrome ^ The great 
majority of these patients had, or had previously had, cutaneous disease 
Those with no history of cutaneous disease gave a history of a severe 
sore throat during the period of approximately one month prior to 
the onset of neurologic sj^mptoms 

It has been assumed by some investigators ® that the disordei in 
these patients was the result of infection with Corynebactenum 
diphtheriae In support of this view, virulent diphtheria organisms have 
been isolated from the throat, nose and lesions of the skin of some of 
the patients In the majority of instances, however, cultures have failed 
to show C diphtheriae It is, of course, known that the earlier in the 
disease a culture is obtained, the greater is the likelihood of a positive 
culture for C diphtheriae if that is the organism concerned There is 
some evidence, also, that diphtheria organisms may lose their 
virulence while still piesent in the human body It is not the purpose 
of this paper to prove or disprove the theory that neurologic syndromes 
following cutaneous disease are the result of exposure to the toxin of 
the diphtheria bacillus In all likelihood some are of diphtheritic origin 
There is, however, considerable reason to doubt that C diphtheriae is 
the sole etiologic agent, and the results of certain studies will be offered 
which seem to support the possibility tliat other factors may be 
concerned 


1 Roseman, E , and Anng, C D Infectious Polyneuritis ' Infectious 
Neuronitis, Acute Polyneuritis with Facial Diplegia, Guillain-Barre Syndrome, 
Landry’s Paralysis, etc , Medicine 20 463, 1941 

2 Liebow, A A , MacLean, P D , Bumstead, J H , and Welt, L G 
Tropical Ulcers and Cutaneous Diphtheria, to be published Norris, R F , 
Kern, R A , Schenck, H P and Silcox, L E Diphtheria in the Tropics 
A Report of Eighteen Cases on a United States Naval Hospital Ship, U S Nav 
M Bull 42 518, 1944 
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Two series of patients will be consideied The first series was 
studied in the late winter and spring of 1943, when I was assigned 
to a general hospital in Melbourne, Australia ^ It consisted of 13 
members of the first Marine division, wdnch w^as staging there at the 
conclusion of the campaign at Guadalcanal These men had been in 
action for vaiying periods between early August and late Decembei 
1942 Some had been present at the initial landing, when food and 
medical supplies had been inadequate Others had arrived late in the 
campaign, when supplies and food weie relatively good One patient 
was a member of a headquarters company, ai riving late m the cam- 
paign, and had been on the island only forty days prior to evacuation 

Table 1 — Data on Group of Patients Studied in Melbourne, Australia, in 1943 


Interval in Days 
Between 





Sore 

Onset of 



Total 

Presence 




Throat 

Neuritis 



Spinal 

of 




and 

and 

Classifl 


Fluid 

Antibodies 


Date of 

Development 

Onset 

Maximum cation 

Cutu 

Protein, 

to 

Case 

Arrival on 

of Sore 

of 

Involve 

as to 

neous 

Mg per 

Diphtheria 

Toxin 

No 

Guadalcanal 

Throat 

Neuritis 

ment 

Sevcritj t 

Dicers 

100 Cc 

1 

Aug 7 

Dec 15 

7 

74 

B 

Yes 

t Pandy 

No 

2 

Aug 7 

Dec 1* 

80 

30 

B 

Yes 

38 

Yes 

3 

Aug 7 

Nov 30 

3 

23 

A 

Yes 

52 

Yes 

4 

Aug 21 

Nov 15 

15 

05 

B 

No 

42 

Yes 

6 

Aug 21 

Nov 6 

25 

73 

B 

Yes 

92 

No 

6 

Sept 17 

Oct 15 

10 

114 

0 ‘ 

Yes 

00 

No 

7 

Sept 18 

Nov 15 

45 

24 

B 

No 

100 


8 

Sept 18 

Dec 1 

00 

25 

C 

Yes 

197 

Yes 

9 

Sept 18 

Nov 23 

14 

29 

C 

Yes 

82 

No 

10 

Sept 18 

Oct 15 

10 

130 

A 

No 

30 

Yes 

11 

Nov 11 

Nov 20 

30 

01 

C 

No 

101 

No 

1? 

Nov 11 

Des 15 

30 

39 

B 

Yes 

217 

Yes 

13 

Nov 12 

Dec 25 

37 

02 

C 

No 

39 

No 


* The patient had had a moderately Bovero febrile illness but no sore throat 
t Tor the meaning of A, B and O see explanation In the text 


He had never been on a jungle patrol, his diet was adequate, and his 
living conditions were relatively good 

There was little, if any, close contact between the Marines and the 
natives, as most of the latter had taken to the jungle with the onset of 
the fighting Contact with Japanese was limited to hand to hand combat 
and burial details All had bathed in and drunk from the Lunga River 
and its tributaries This is a sluggish tropical stream and almost cer- 
tainly contaminated 

With 1 exception every member of this group gave a history of a 
severe sore throat from three to sixty days prioi to development of any 
neurologic symptoms or signs Eight of the 13 patients also gave a 
history of “sores” on the lower part of the legs and the feet during the 
campaign The Marine without a history of sore throat had had an 

3 These studies were earned out under the direction of Lieut Col Edward 
O Harper, Medical Corps, Army of the United States 
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unexplained febrile illness thirty days piioi to neurologic changes and 
was one of those with ulceis of the skin 

The data on these patients are summaiized in table 1 Column 2 
of the table shows the date of the patient’s ai rival on Guadalcanal Five 
of the gioup ariived in August, 5 in Septembei and 3 in November 
Column 3 shows the date of onset of sore throat There is no con elation 
between the tune of ariival and the date of development of the sore throat 
except that no sore tin oats occurred prioi to ariival on Guadalcanal 
Column 4 gives the number of da 3 ^s elapsing between development of 
the sole throat and the onset of neuiologic signs and symptoms It 
IS apparent that this is one of the most variable points m this series, 
and Its variability is one of the most difficult to explain Column 5 
shows the number of days required for the neurologic disease to reach 
its maximum seventy, and column 6 indicates the seventy of the disease 
Classification A included patients whose disease w'as mild, wuth merely 
evidence of involvement of peripheral neives, mild sensoiy changes and 
loss of the deep reflexes Classification B is one of medium seventy 
The patients, m this category, m addition to signs of involvement of 
peripheial nerves, also gave evidence of damage to cranial neives and 
lesions of the spinal cord They w^ere likely to have a history of motor 
weakness, in spite of wdnch they were never seriously incapacitated In 
classification C m wdnch all the patients showed evidence of severe 
neurologic disease, signs referable to the cranial neives were con- 
spicuous These patients had pronounced weakness to complete 
paralysis of the extremities and marked ataxia Two patients fell 
into classification A, 6 into classification B and 5 into classification C 
It IS apparent that the sever it}^ of the disorder bore little, if any, relation 
to the time required foi the disease to reach its maximum The time for 
the patients m classification A varied fiom tw'ent 3 '-three days to one 
hundred and thiity-six days, that for patients m classification B, from 
tw enty-five to seventy-five days, and that for patients in classification C, 
fiom twenty-five to one hundied and fouiteen days Column 9 shows the 
results of studies on the serum of 12 of these 13 Marines for the pres- 
ence of diphtheria antibodies Six of them had demonstrable antibodies, 
and 6 had no antibodies Column 8 show's the maximum protein levels 
of the spinal fluid for these patients It is apparent that theie is not 
much relation between the severity of the disease and the total protein 
of the spinal fluid With 1 exception, only single determinations w'ere 
made and it is possible that the correlation might have been better 
if the result of repeated taps over the entire course of the disease 
had been used 

Tw'elve of 13 patients were studied to determine whether their serum 
contained any antibodies against the diphtheria toxin The Jensen 
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modification of the Roiner test Avas employed ^ Seiums of these 12 
patients weie inactivated at 56 C foi fifteen minutes and then mixed in 
equal volumes with diluted diphtheiia toxin Two dilutions of toxin 
veie used — one equal to twice the Schick test dose and the othei to ten 
times the Schick test dose The mixtures weie then injected intia- 
dermally into the skin of 2 labbits Serums from 13 contiol patients, 
who were caiefully questioned as to any pievious history of soie thioat 
oi neurologic complaints, weie treated m a similar fashion The results 
of this procedure are shown in table 2 As is shown theie, the seiums 
of both the neurologic and the contiol group neutiahzed diphtheria 
toxin to approximately the same extent The serum of only 1 patient 
was able to neutralize the highei dilution, but it failed to neutralize 
the lower dilution 

One patient (13, table 1) was tieated for seveie soie throat, which 
had developed approximately thiee weeks piioi to his admission to 
the hospital On his admission cultures showed hemolytic stieptococci 
No diphtheria bacilli were found on lepeated cultures. He had typical 


T<vble 2— Results of Ttiiatton of Sc7Uin Aniitoxtn 




Total 

Positive Schick 

Positive Schick 



Number 

Reaction x 2* 

Reaction x 10* 

Melbourne 

patients ivith neuritis 

12 

6 

0 

Melbourne 

controls 

la 

0 

0 


dilutions of diphtheria to\m ■ncro used one equal to U\icc the Schick test dose 
and the other to ten times the Schick test dose 


acute glomerulonephritis shortly aftei his admission Thnty-seven 
days after the onset of his sore throat he manifested early neurologic 
changes, which giadually progiessed to the point that he was unable to 
get out of bed Titration of his serum on the skin of a labbit failed 
to show any antibodies to diphtheria toxin 

It was felt, on the basis of tins evidence, that in this pai ticular gi oup 
of patients the neurologic syndromes weie nondiphthentic m origin A 
filtrable virus as the etiologic agent in a neurologic syndrome of this 
type has long been considered by some investigators An efifoi t was 
made to isolate a possible virus agent by injecting pooled washings from 
the nose and throat and serums into the ammotic cavity of 12 day 
chick embryos, after the method of Burnet® Spinal fluid was injected 

4 Jensen, C Die mtrakutane Kaninchenmethode zur Auswertung von 
Diphthene-Toxm und Antitoxin, Acta path et microbiol Scandinav , 1933, 
supp 14, p 1 Romer, P H Ueber den Nachw'eis sehr kleiner Mengen des 
Diphteriegiftes, Ztschr f Immunitatsforsch u exper Therap 3 208, 1909 

5 Bradford, J R , Basbford, E D , and Wilson, J A Acute Infectious 
Polyneuritis, Quart J Med 12 88, 1919 

6 Burnet, F M Influenza Virus Infections of Chick Embryo Lung, Brit 
J Exper Path 21 147, 1940 




562 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


intracerebrally into Swiss mice Stool emulsigns, mixed with ether 
and left overnight at a temperature of 4 C , were injected intra- 
peritoneally into monkeys All these attempts to isolate a virus were 
complete failures — ^the embryos showed no changes, and all the test 
animals exhibited no ill effects 

It IS unfortunate that it was not possible to follow these patients 
to complete recovery For military reasons it was necessary to evacuate 
them to the United States as soon as they were able to travel All 

Table 3 — Data on Group of Patients Studied at Moore General Hospital in 1945 


Average Interval in 




Days from 





Average 





■» 





Total 



Initial 







Protein 



Cuta 


Onset 

Schick 




of 



neous 

Open 

of 

Tests, 




Cerebro 



Disease 

Skin 

Neuritis 

per Cent 

Classification 

spinal 


Number 

to Open 

Disease 

to 

Positive 

as to Severity • 

Fluid, 


of 

Skin 

to 

Maximal 

Hcac 

/ 



Mg per 

Type of Wsease 

Patients 

Disease 

Neuritis Severity 

tions 

A 

B 

0 

lOOOc 

Pnmary ulcers 

17 


91 

45 

35 

2 

6 

9 

83 

Secondary ulcers 

19 

113 

85 

47 

35 

C 

7 

6 

95 

No ulcers 

9 

91 

81 

45 

33 

4 

2 

3 

95 

Cutaneous diphthena 

5 

156 

116 

45 

80 

1 

3 

1 

60 


* For the meaning of elassiflcatlons A, B and O see explanation in test 


Table 4 — Data on Group of Ten Patients Who Had Seveie Sore Throat 
During Couise of Cutaneous Disease and Prior to Onset of 
Neurologic Symptoms 


Aterage Interval in 
Days Between 

— A 

Onset SchIcX 
Open of Tests, 

Sore Cutaneous Neuritis per Cent 
Number Throat Disease to Positive 

of and and Maximum Reac 


Type of Disease 

Patients 

^eurltls 

Neuntis Severity 

tions 

Proved faucial diph 
therla 

2* 

29 

o2 

52 

60 

Probable faucial 
diphtheria, viru 
lence tests not done 

5 

23 

09 

51 

20 

Severe sore throats 
but not diphtheria 

3 

42 

93 

67 

67 


♦ One patient also had virulent organisms in the skin 


Average 

Total 

Protein 

of 

Classification Cerebro 

as to Severity spinal 

(See Text) Fluid, 

, » , Mg per 

A B O 100 Cc 


0 1 1 72 


1 2 2 80 

1 0 2 67 


showed definite improvement before evacuation was requested It was 
estimated that the total duration of the neurologic syndrome from onset 
to complete recovery m this group of patients averaged seven months, 
v ith a minimum of five months and a maximum of eight months Most 
of this group had one or more malarial relapses during the course of 
their neurologic disease Only 1 patient showed a questionable exacerba- 
tion of bis neurologic signs None of them showed any apparent 
neurologic symptoms as a result of antimalanal treatment — in this case 
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a quinine, qumacnne (atabiine) and pemaqinne naphthoate (Plasmo- 
diin) routine 

The second gioup of patients, totaling 60, uere at Moore General 
Hospital, Swannanoa, N. C , during the last three months of 1944 
and the first nine months of 1945 They had all been evacuated from 
the Pacific theaters because of cutaneous disease These data on these 
patients are summarized m tables 3 and 4 Table 3 deals with the SO 
patients who gave no histoiy of having had a sore throat Of these, 
17 patients had a histor} of “tropical ulcers” as the first manifestation 
of any disease of the skin Nineteen stated that their tropical sores 
followed other types of cutaneous disease, including epidermophytosis, 
infectious eczematoid dermatitis and atypical lichen planus Nine 
patients stated that they had never had any ulcers but did admit that 
their cutaneous lesions had on occasion been weeping or had been 
secondarily excoriated There were 5 patients, or 10 per cent — 4 with 
tropical ulcers and 1 with an eczematoid type of atypical lichen planus — 
cultures of whose skm were positive for C diphtheriae 

It IS evident from examining table 3 that the patients for whom posi- 
tive cultures for diphtheria organisms were obtained had had cutaneous 
disease for a longer time than had the other three subgroups The 
mten^al between the development of the open lesions and the onset of 
the neuritis was also somewhat greater on the average Four of the 
5 patients with proved diphtheritic neuritis had positive reactions to 
the Schick test at the time the cultures were positive, whereas for those 
patients from whom diphtheria organisms could not be obtained the 
reaction to the Schick test w^as positive m 35 per cent 

The patients were classified as to the severity of the neurologic 
disease by a scheme similar to that for the Melbourne group The 
patients with primary ulcer had a higher percentage with disease of 
grade C severity than had any of the others The last column m table 3 
shows the average total protein of the spinal fluid for the four subgroups. 
The figure for the group with cutaneous diphtheria is considerably less 
than that for the others 

Table 4 summarizes the data on the 10 patients who in the course of 
their disease and prior to the onset of neuritis had severe sore throats 
Of these, 2 had proved faucial diphtheria (1 of these patients also had 
virulent corynebacteria in the skm) , 5 had probable diphtheria — 
on these no tests for virulence had been made — and 3 had sore throats 
from which no diphtheria bacilli could be isolated Only the afore- 
mentioned patient had virulent organisms in the skin, and all the patients 
fell into the classification of “secondary ulcer” or of “no ulcer ” Both 
patients wnth faucial diphtheria had received diphtheria antitoxin Three 
months later 1 had a positive reaction to the Schick test and the other 
a negative reaction Of the 5 patients with “probable diphtheria,” none 
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of \\ horn received antitoxin, only 1 gave a positive reaction to the Schick 
test The classification into gioups A, B and C and the lesiilts of 
determinations of the spinal fluid piotein leqmre no comment 

The results of Schick tests on this group are shown in table 5 
When the 5 patients with pi oved cutaneous diphtheria and the 2 patients 
with proved faucial diphtheria are omitted, it is seen that the per- 
centage of positive leactions is essentially the same as that foi the 
control gioup The contiol group here was obtained by analyzing the 
lesults of all Schick tests on male enlisted personnel, exclusive of this 
stud}'^ group If the 5 patients with “probable” faucial diphtheria had 
been excluded also, the percentage of positive reactions would have 
been slightly higher, inasmuch as 4 out of these 5 patients gave 
a negative leaction to the Schick test dose of toxin 

It IS admitted, of couise, that results of the Schick test, particularly 
in an adult group, are not entirely conclusive Certainly, the presence 
of a positive reaction to the Schick test in a single patient would be 
of little or no significance, but it is also felt that in as large a group as 


Table S — Results of Schick Test 




Positive Reactions to Schick Test 


Total 

f-m , ■„ ... 

-■A ■ — ^ 


Number 

Number 

Per Cent 

Moore Patients Mith neuritis at General Hos 




pital 

54 

19 


Mooie General hospital controls 

2*52 

94 

<19 


this one there should be some decrease in the percentage of positive 
Schick reactions if this neurologic syndiome were due to diphtheria 
Two interesting cases will be reported briefly The first patient had 
the piimary ulcers when he was on Leyte Three veeks after their 
onset, while a patient m a general hospital, he suddenly experienced 
vertigo, deafness in the right ear and diplopia These were follov ed by 
rapidly progressing weakness and loss of sensation in the extremities 
He was evacuated to the United States and was admitted to one of the 
wards for diseases of the skin at Moore General Hospital On admission 
his skin had cleared, but he showed the characteristic neurologic changes 
of the severe form (classification C) of this syndrome His spinal fluid 
protein was over 100 mg per hundred cubic centimeters, and his reaction 
to the Schick test was positive Approximately one month later, and a 
total of two months after the onset of neurologic signs and symptoms, 
typical faucial diphtheria developed This responded satisfactorily to 
antitoxin, and the Schick reaction became negative It is reasonable to 
believe that had this man’s neurologic symptoms been the lesult of 
the action of diphtheria toxin he should have shown some immunity — 
instead he was not immune and contracted diphtheria 
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The second patient had been hospitalized for atypical lichen planus 
and had been evacuated to the United States Approximately one 
month after arrival there he was leady for fui lough He awakened one 
morning and found that he had tiouble in accommodating In the 
next forty-eight houis seveie weakness developed, and m a week he 
was bedridden, with complete quadriplegia His spinal fluid protein 
was nearly 200 mg per hundred cubic centimeters This patient had 
not had a sore throat, nor had he had tiopical ulcers He did state that 
at one time the papules of lichen planus had been somewhat excoriated. 
This patient remained completely incapacitated for thiity-six days, 
before recovery set m 

SUMMARY 

Two series of patients with a syndrome showing various degiees of 
involvement of the nervous system are presented All but 1 of the 
first series had as a piecursor to the neuiologic changes a seveie soie 
throat This 1 patient complained of a febiile illness thirty days prior to 
any neurologic complaint Eight of the 13 patients also had had “tiopical 
ulcers” while on Guadalcanal The sore throats as described were 
extremely severe and incapacitating for a matter of weeks At the 
time that these patients were hospitalized in Melbourne, intensive investi- 
gation, with the cooperation of the medical officers of the United States 
Navy attached to the Marine Corps, failed to disclose anything suggest- 
ing that these patients had had diphtheria There had been no reports 
of diphtheria on Guadalcanal so far as the medical officers stationed there 
were aware There had been numerous patients with severe sore throat, 
and many of these had been studied for possible diphtheria, with com- 
pletely negative results If these patients had had diphtheria of this 
degree of severity, some deaths would have been expected, inasmuch 
as no antitoxin was administered On the basis of the clinical study, 
the Schick test and the titration of diphtheria antitoxin in the serum. 
It was believed that the neurologic syndrome in this series of patients 
was not postdiphtheritic 

The second series, of 60 patients was studied at Moore General 
Hospital about two years later In this series, 2 had proved cases of 
faucial diphtheria and 5 pioved cases of cutaneous diphtheria There 
were 5 others who probably had had faucial diphtheria but from whose 
cutaneous lesions Corynebactena had never been isolated The majority 
of the group showed no evidence of either faucial or cutaneous diphtheria 
ut exhibited a neurologic syndrome which seemed to be the sequela 
of severe cutaneous disease 

The neurologic changes varied in severity, sometimes lesulting in 
emporary complete paralysis of the limbs but ending m complete 
cases which we were able to follow to completion 
leieas chmcalljr this observation is not inconsistent with the neurologic 
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changes seen after diphtheria, it is felt that the evidence presented 
indicates that C diphtheriae ^\as not the causative agent of the neurologic 
syndrome in most of these patients 

CONCLIjSIONS 

1 Thirteen patients vith a postmfectious neurologic syndrome were 
studied in the Fourth General Hospital in Australia m 1943 Attempts 
to isolate a filtrable virus were unsuccessful There was no evidence to 
suggest that the condition of any of these patients w^as the result of 
diphtheritic infection 

2 Sixty patients w'lth a similar disturbance were studied at Moore 
General Hospital in 1945 Of these, the neurologic syndrome followed 
proved cutaneous diphtheria in 5, proved faucial diphtheria in 2 and 
severe sore throat which was probably diphtheritic m 5 others There 
•was no evidence to suggest that diphtheritic infection had played any 
part in the disease of the remaining 48 patients 

2065 Adelbert Road, Cle\ eland 6 
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S ODIUM amytal has been widely utilized m the investigation and 
treatment of mental disorders Its effectiveness in probing and 
clarifying stuporous psychotic states and its value in alleviating major 
hysteria are examples of its usefulness, which find expression m the 
routine daily work of most psychiatrists There is, however, an area 
in the field of psychiatry where sodium amytal has been little used, 
yet an area where its utilization may prove fruitful indeed This encom- 
passes the so-called anxiety or tension states, b}^ far the largest category 
of the psychoneuroses 

The bulk of the conditions included under the clinical label of 
“psychoneurosis” cannot be adequately designated by such descriptively 
specific diagnoses as conversion hysteria, obsessive-compulsive states and 
hypochondriasis Rather, they must be grouped together on the basis 
of the broad concept of tension engendered by frustration, thwarting and 
insecurity, and are consequently best and most simply described as the 
tension, or anxiety, states The pattern of anxiety which the organism 
may display are diverse, but they can be demarcated and the symptoms 
of each pattern itemized One such pattern, for example, may be 
tension expressing itself through the gastrointestinal tract Another 
constellation of symptoms may be derived chiefly from the musculo- 
skeletal system 

Among the musculoskeletal symptoms of anxiety m an individual 
patient one might find feelings of “drawing” in the temples, eyes and 
neck , severe occipital headaches , a feeling of unsteadiness while walking, 
and easy fatigability This pattern of symptoms is not uncommon, is 
readily diagnosed as an anxiety state and is recognized as requiring 
psychotherapy 

Anxiety oi tension symptoms, however, are not always readily recog- 
nized as such When they appear m unusual constellations, or when 
isolated symptoms appear in patients not considered previously psycho- 

From the Department of Neurologj' and Psjchiatry, Albany Medical College 
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neuiotic, the oiigin of the complaints may be m doubt Any individual 
anxiety symptom may therefore so closely resemble a symptom pro- 
duced by a truly organic process that differentiation by the usual diag- 
nostic tests may be impossible So far as the patient’s verbalization 
of his complaint is concerned, there is no significant difference between 
that of functional and that of organic origin Nor, indeed, in the 
patient’s awareness is theie a difference The headache resulting from 
tension in the muscles of the forehead and temples caused by anxiety 
seems as severe and as incapacitating as the headache produced by 
increased intracranial pressure The nausea which accompanies the 
gastrointestinal pattern of anxiety is as real and sickening to the sufferer 
as the nausea of intestinal obstruction 

When it proves impossible to determine the existence of an organic 
basis for the patient’s complaint, the physician may turn slowly to the 
concept of psychoneurotic causation In most instances, however, the 
diagnosis of psychoneurosis is one evolved by the exclusion of ever} 
potential somatic cause, no matter how remote the likelihood of its 
presence This process is often slow, costly and, m the end, unreward- 
ing We feel that it is possible to prove the “nonorganic” origin of 
many symptoms by a conciete diagnostic test The test consists in 
the intravenous administration of small amounts of sodium amytal, 
injected fairly rapidly Within one to five minutes, in most cases, 
the patient will note a definite abatement of his complaint if it is truly 
a tension symptom, and often m this astonishingly brief period he will 
report complete relief We have used this test m a large number 
of cases presenting this confusing problem in diagnosis, with frequently 
gratifying results This paper constitutes a report on our first series 
of such cases 

METHOD AND MATERIAL 

Method — The patient’s symptoms should be sufficiently acute at the time of 
injection of the amytal to make possible to the awareness of the patient an appreci- 
able degree of relief The patient is therefore instructed, if he is hospitalized, to 
put in a call for the house physician when his complaint is most acute If he is 
an ambulatory patient or an outpatient, he is instructed to await the period when 
his symptoms are most distressing and then come to the physician’s office at once 
We have also made use of the emergency room of the hospital for this purpose, 
keeping sodium amytal available there and undertaking to have a house physician 
respond to such calls as promptly as possible If the patient is hospitalized, no 
special preparations are required , but on the completion of the test the floor nurse 
IS advised that the patient has received a certain amount of the drug, and orders 
for observation are given In most instances the patient’s sensorium will m no way 
be impaired, but a few patients may manifest drowsiness, confusion, incoordination 
or, rarely, excitement Ambulatory patients should be accompanied by a responsible 
adult, and adequate means of transportation home should be available in the 
occasional cases in which these side effects occur 
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The patient is allowed to recline, and data on the exact nature and magnitude 
of his symptoms are elicited and recorded Before the amytal is injected, the 
patient is encouraged to describe his difficulties as accurately as possible, and he is 
examined physically as completely as is necessary He is told that he will be 
given an injection that may relieve his symptoms somewhat, but unduly strong 
suggestion is not attempted The patient is warned, also, that he may note some 
dizziness immediately after the drug is injected but that this is harmless and will 
pass off 

The solution of sodium amytal should be freshly prepared, being dissolved in 
distilled water or in isotonic solution of sodium chloride just before injection 

Data m Cases of Anxiety Symptoms Tieated zmth Inti avenons Injeetwns 

of Sodium Amytal 


Symptoms 

Not 

Sj mptoms Relieved 
Entirely or Only 
Relieved Partially 
by Relieved 
Sodium by Sodium 

Presenting Symptom (by Systems) Possible Diagnosis Amytal Amytal 


Musculoskeletal 

Headache Tension headache 22 

Migraine (0 1 

Post lumbar puncture 4 

headache 

Pam in shoulders and neck Cervical neuralgia 3 

Facial pam Trigeminal neuralgia 3 

Sinusitis 1 

Dizziness Meniere’s syndrome (’) 3 

Ringing in cars Meniere’s syndrome (0 1 

Incoordination, unsteadiness of Multiple sclerosis (?) 2 

gait, (tremor), (blurring of 
vision) 

Pam radiating down leg Sciatica 1 

Postoperative lame back 0 

Gastrointestinal 

hausea and/or vomiting Ulcer or tumor (’) 23 

Difficulty in swallowing Esophageal ulcer (’) 2 

Anorexia * Psychogenic 12 

Epigastnc distress (diarrhea) Ulcer ('’) 4 

Cardiovascular 

Anginal pain, (hot flashes), (pal Angina pectoris (’) 2 

pitation), (tachycardia) 

Genitourinary 

Dj emonorrhea (frequency of uri ’ 5 

nation) 


5 (75 relief) 
o (25% relief) 

3 


0 

0 

0 

0 

0 

0 


0 

1 (made worse) 


1 

0 

0 

1 (50% relief) 


0 


2 


The solution should be clear and colorless , occasionally we have encountered a 
brown or j ellow solution, which may be attributed to impurities , such a mixture 
ts discarded We have been accustomed to use a solution containing 1 gram 
(0 065 Gm ) of sodium amytal in each cubic centimeter of solution, but other 
proportions are, of course, feasible In most instances we have available, m the 
siringe, grains (0 29 Gm ) of the drug One-half cubic centimeter (jA gram 
[0 032 Gm ] ) of the solution is injected rapidly, and during the next thirty or 
fortv seconds the patient is asked whether any improvement has been noted 
There is usually no noticeable effect from this small amount, but occasionally the 
patient will report a definite degree of relief Another 0 5 cc is then injected, 
followed by questioning as to the extent of relief, and about one minute after the 
injection is started, the third 0 5 cc is given 
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Usually 1 5 cc (1J4 grains [0 097 Gm ] ) is sufficient to produce significant 
relief, yet such an amount is so small that no drowsiness is evident, and no true 
analgesia can be said to have been produced If the mitigation of the complaint is 
pronounced, no additional amytal is given If the amelioration is only partial, 
however, it may be desirable to administer further portions of the drug, evaluating 
the persistence of symptoms as the injection continues and having in mind that 
as the total dose mounts many obscuring factors enter the picture 

Whether in the hospital or at home, the patient is observed carefully after 
the test to determine the interval of freedom from his symptoms 

Material — More than 80 cases in which this test has been employed have been 
documented The presenting symptoms are itemized in the accompanying table, 
where they have been classified according to the pattern of anxietj m which each 
IS likely to find place The arrangement of patterns of anxietj used here is a 
modification of that outlined by Cameron r and will be seen to embrace three 
categories of symptoms The first column lists the presenting symploms which 
patients exhibited to the physician, and the second column enumerates the organic 
illnesses considered as likely to account for the various symptom It should be 
stressed that we have not encountered every possible sjmptom of tension in this 
series of difficult diagnostic problems The entries enclosed m parentheses in 
column 1 of the table represent anxiety sj'mptoms which have not as yet come to 
our attention in accredited cases and are considered of controversial origin A 
glance through the list, however, makes it evident that any one of these symptoms 
may appear at times of debatable origin 

PAIN 

HEADACHE 

The largest group of cases falls m the category of symptoms refer- 
able to the musculoskeletal system, and the bulk of this group are cases 
in which pain was manifested in some form The most numerous 
single class is that tyhich includes different types of headache The 
headaches were of many varieties, ranging from “full feelings” in any 
part of the head to headache desciibed as severe, disabling and intensely 
painful The headaches have been characterized as “spasms” and as 
“throbbing,” “twinging,” “piercing,” “gnawing” and “torturing ” 
Patients have described them as “bursting,” as “feeling as if my brain 
were too big for my skull” or as “seeming as if some terrible pressure 
were trying to get out ” The differential clinical diagnoses considered 
at one time or another included, among others, brain tumor, cervical 
neuralgia, migraine, hypertensive encephalopathy and syphilis of the 
central nervous system Some headaches were of recent origin, while 
others had persisted for months or years, Avith little significant abatement 
The patient in whom the test is clearly successful will have no 
residuum of distress but will express, often spontaneously, great relief 
and complete freedom from pain and a feeling of well-being This rapid 
lifting of discomfort is especially impressive to both patient and physician 


1 Cameron, D E Am J Ps\chiat 101 36-41 (July) 1944 
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in cases of long-standing headache, which have remained unrelieved for 
months, or even years 

The awareness of reduction of tension has been expressed by the 
inajont} of patients, who usually describe the change as one of “relaxa- 
tion ” The symptoms of tension should be elicited by questioning 
before the injection of sodium am}^al, as part of the case history of each 
patient In most instances a definite constellation of anxiety or tension 
symptoms may be plotted, the most frequent pattern being that of mus- 
culoskeletal tension The relief from these accompanying symptoms 
usuall) parallels the abatement of the headache, and the patient may 
state “The drawing feelings in my neck and eyes are gone” , the 
tightness in my stomach has disappeared,” or “the tightness in my arms 
and shoulders has gone ” 

Occasionally patients leport a feeling of drowsiness concomitant 
with the sense of relaxation The drowsiness is not marked, and no 
patient has fallen asleep with the injection of 1^4 grains or less of 
sodium amytal In a few instances patients who had been given between 
2 and 3 grains (0 132 or 0 195 Gm ) disclosed, on subsequent visits, 
that they had napped on returning home The question of the analgesic 
power of intravenous administration of sodium ani 5 rtal is posed by this 
aspect of our results It must be pointed out that the dose of 1 grains 
of sodium amytal is sufficient to relieve the headache in most instances 
and results in no subsequent drowsiness It is unlikely that so marginal 
a sedative dose will have analgesic potency, especially when symptoms 
are severe Furthermore, relief from pain usually lasts longer than 
any possible pharmacologic effect of the drug This will be considered 
in a subsequent section of the paper 

In each of the 22 cases of headache designated in the table iVe were 
able to effect prompt and unmistakable relief by means of the intravenous 
injection of less than 3 grains of sodium amytal The usual dose was 
I 34 grains, but the dose required for complete relief in some instances 
was as low as Yt. grain (0 032 Gm ) In a few cases 3 grams were 
necessary, yielding at times only partial amelioration The case was 
not considered as meeting our lequirements for inclusion in this series 
unless this partial relief was estimated as at least 75 per cent In the 
series of cases in which significant relief from headache was obtained 
several may be presented as typical 

Tcusioital Headache — ^The following cases are cited 

A man aged 26, a defense worker, for six months had had intense headaches, 
which started in the occiput and radiated over the vertex and down the back of the 
neck He had received a series of injections of vitamin preparations and had secured 
no relief from acetylsalicylate acid and codeine The pain was fairly constant but 
was more intense at the end of a day’s work With the injection of 1 grain of sodium 
arnvtal, the patient noted that the headache was gone but that there was some 
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stiffness of his neck This was relieved with injection of gram mo e, to give 
the patient complete relief of his symptoms Psychiatric interviews revealed a 
number of problems which were judged to be contributory factors He was given 
mild daily sedation and psychotherapy When last seen the patient still had 
occasional headaches, but they were never so severe or so prolonged as formerly 

The duiation of alleviation of headache is inconstant In several 
instances the pain remained absent for weeks, whereas in others it 
lecurred within a few hours 

The longest period of freedom was seen m the case of a woman aged 22, whose 
headache had persisted for more than a year During that time she professed to 
have had no period of complete freedom from pain After the injection of 2 
grams of sodium amytal she acknowledged that the headache had vanished and 
stated that she was more relaxed and more content than she had been m over a 
year She reported by telephone the next day that she was still free from pain, 
and she remained so for more than six weeks During this time she felt so well 
that she was able to proceed with her plan to enter nurses’ training, an undertaking 
she had postponed indefinitely because of the headache The importance of 
associated psychotherapy in this case, as m all the others here discussed, is 
of course beyond dispute The sodium amytal test is to be considered merely an 
adjuvant to diagnosis and therapy 

This patient’s headache began to return m a mild form about six weeks after 
the first injection, despite several psychotherapeutic interviews A second injection 
of amytal was given, complete relief again being obtained with 2 grams of the drug 
The patient has now been free from symptoms for about three months and has 
also shown a decided improvement m the larger picture of her psychoneurosis 

In contiast to this case are those in which relief is gained for but 
a brief period, sometimes onl}' a few hours Although the duration is so 
limited, it is nevertheless evident that in many cases the appeasement per- 
sists longer than the known pharmacologic effects of the sodium amytal 
would lead one to expect 

One patient, for example, obtained almost complete relief by means of 1 grain 
of sodium amytal and was free for the remainder of the day and for the major 
portion of the next day, beginning to perceive the return of the headache m the 
evening Subsequent injections were necessary, but during this period the under- 
lying factors m her psychoneurosis were probed and intensive psychotherapy was 
instituted 

In seveial instances it was clear that the distress reclined as the 
sedatwe influence of the drug wore off It should be stressed, howev^er, 
that the most signal value of the test is the rapid, sometimes abrupt, 
deliverance fiom pain by a small dose of the diug This strongly sug- 
gests the “tensional,” or “nonorgamc,” origin of the symptom in many 
cases The fact that relief does not persist indicates the broader prob- 
lem of the whole psychoneurosis 

A patient securing only transient relief was a woman aged 28, who described 
her headache as “a terrible aching and pulling on the back of my head " She 
was able to carry on her work as a secretary, but without enjoyment, and had 



SUSSELMAN El AL—TEST FOR LATENT ANXIETY 573 


surrendered her usual recreational and social activities She visited the emergency 
room of the hospital several times, usually in the early evening, and with injection 
of from 1 to 2 grams of sodium amytal found solace, which she described as an 
"‘oasis” in the continual distress she felt Her well-being usually persisted for 
the remainder of the evening, and she was able to fall asleep more readily than was 
customary The following morning, however, saw the headache restored to its 
original severity The patient refused to return regularly for psychotherapy and 
has as yet lefused to enter the hospital for more intensive studj . but the results of 
the amytal test, together with the history and the absence of positive physical signs, 
make the diagnosis of tensional headache probable 

A definite proportion of patients did not secure significant relief 
One reason for failuie of sodium amytal to give them relief was the 
probable presence of some organic cause In certain patients, however, 
no organic factoi was unearthed, yet the mitigation of the headache 
by means of sodium am3^tal was not sufficiently well defined to warrant 
their being included in the group with tensional headaches Instead 
of replying within one to five minutes after the injection of the amytal 
that the headache had vanished, the patients sometimes qualified then 
statements by expressing uncertainty 

One patient explained that her headache had lessened somewhat but said, 
“There’s still a funny feeling of pressure in the back of mv head, sort of uncomfort- 
able, and a little ache in the front ” 

A second patient who was included among those who failed to obtain relief 
described her headache, after sodium amytal had been injected, as “still present, 
I think, but It seems to be screened out a little by dizziness ” The feeling of 
dizziness was sensed by many patients, but most of them found, nevertheless, that it 
did not obscure their awareness of definite relief of the headache, Thus, one patient 
stated, “My headache is gone completely, for the first time in months I feel a bit 
dizzy, but no more than one cocktail might make me feel , the sense of relaxation 
IS glorious” 

Migraine — The numerous problems of migiame and its psycho- 
somatic implications are at issue here, but the evidence which has emerged 
in the present series is inadequate for us to assess the question basically 

Four patients with previous clinical diagnoses of migraine were tested, with 
inconclusive results Three patients had partial alleviation of their headache, 
each patient estimating his relief as 25 per cent One of these was a man aged 40 
with a history of migraine for several years Several therapeutic regimens 
had been followed, without complete relief from any The injection of from 1 to 2 
grains of amytal jielded partial relief, which lasted from one to seven or eight 
days, four such injections were given The patient was given sodium amytal to 
take bj' mouth, in a dosage of 1 gram three times daih", with instructions to take 2 
capsules of 1 gram each when a sudden, severe headache manifested itself He has 
now been receiving this medication for a sufficient period to permit comparison of 
Its value with that of ergotamine tartrate, the only drug previously used which 
had offered significant aid, and he reports that the amytal is definitely more 
salutary The psychoneurotic background of this patient has been, investigated at 
some length, and regular psyxhotherapv has reenforced the use of the drug 
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Optimal relief is obtained by using ergotamine tartrate in combination with 
sodium amytal 

The pressure of “tensional” headache superimposed on the headache 
of migraine is recognized by many observers, notably Wolff ^ Ergot- 
amine tartrate followed by injections of sodium amytal might well afford 
more complete relief to sufferers of migraine than ergotamine alone 

The most startling relief was experienced by a hospital technician, aged 37, 
who had had periodic headache for the previous eighteen years The diagnosis 
of migraine had been made, but she secured such inadequate relief from prescribed 
medication that she was forced to take to bed for one or two days during each 
episode She was given 1 gram of sodium amytal by intravenous injection at the 
beginning of a typical attack of headache, with almost complete and immediate 
relief A second headache, four weeks later, was relieved at home by taking 
seconal sodium (lj4 grains [0 097 Gm ] ) orally For the past three months the 
patient has had no recurrence of symptoms 

Post-Lumhai -Puncture Headache — Seven patients with post-lumbar- 
puncture headache were tested with sodium amytal by the method noted 
All injections were administered at least eight hours after the lumbar 
puncture, and usually on the following day Four patients noted sig- 
nificant and rapid relief 

One of these was a kitchen helper aged 38 who had first had seizures about two 
jears prior to admission to the hospital After lumbar puncture he had severe 
headache and nausea, which w'ere relieved by lying down These sj mptoms 
persisted for two days despite medication with acetylsahcylic acid and codeine 
On the third day he was given sodium amytal, grains, wnth complete relief 
of pain This relief persisted all that day, and the patient was discharged the 
following day, still free of headache In another patient, however, freedom from 
pain lasted one hour, and the headache returned with its former severity 

Head Pam Othet Than Headache — The face, neck and shouldeis 
are common sites for the appearance of the “drawing pains” which form 
a part of the musculoskeletal pattern of anxiety These regions, too, 
are areas where differential diagnosis as to the origin of the pain may 
constitute a formidable problem Included m the present senes are 
several cases of this type, m each of which the usual clinical and labora- 
tory tests were uninformative but the headache was demonstrated to 
be of tensional origin by the amytal test 

Pam m the posterior part of the neck and shoulders, resembling 
cervical neuralgia, was relieved in 3 cases — all those which were investi- 
gated by this means In each instance there was pain sufficient!)^ severe 
to bring the patient to his physician, and m 2 cases the pain was suffi- 
ciently agonizing and persistent to make hospitalization advisable when 
the local physician was unable to ascertain the cause Careful histones 
revealed the general psychoneurotic background of the patient’s behavior. 


2 Wolff, H G J Omaha Mid- West Clin Soc 5 33-39, 1944 
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but the pain in the shoulder could not be considered incontrovei tibly 
an anxiety symptom until the amytal test was applied 

Facial pain resembling trigeminal neuralgia was encountered in 
4 cases in this series, and pain simulating that frequently present in 
sinusitis was seen m 1 case The diagnostic problems were similai to 
those noted previously, m that trigeminal neuralgia was judged to exist 
after other possibilities had been exhausted by roentgenographic and 
other examinations The distribution of pain in each case was not 
closely characteristic of trigeminal neuralgia, nor was the type of attack 
representative, but no other diagnosis seemed feasible to the referring 
physicians Sodium amytal evoked significant relief in each case 

The most perplexing case was that of a nurse aged 42, whose trouble had 
been diagnosed as tic douloureux by her referring physician She had been 
thoroughly studied for evidence of sinusitis, a complaint she had voiced inter- 
mittently for several years, without anything positive coming to light She 
described her distress as being fairly constant on a low grade level, with frequent 
episodes of harsher pain, sometimes so unrelenting as to cause crying The pain 
involved the left side of her face, beginning near the ear and spreading to the nose, 
temple and chin, and bemg accompanied with headache Later in her stay in the 
hospital she complained that there was some involvement of the opposite side of the 
face, though to a less, and much more bearable, degree This case was at first 
studied as purely neurologic, and the lassitude and dejection she displayed were con- 
sidered to stem from her oppressive pain It quickly became apparent, however, 
that emotional factors were of paramount import, and interviews disclosed a 
multitude of conflicts and anxieties It was still not possible to establish the 
tensional origin of the pain, although our suspicions were aimed in this direction 
The injection of 2 to 3 grains of sodium amytal brought about startling relief, 
which persisted for several hours The patient’s subsequent course included 
intensive psychotherapy, bolstered by several injections of amytal at critical 
moments of distress It became evident that her tensional symptoms were colored 
by an undercurrent of depression, which did not respond to psychotherapy The 
element of depression was soon judged so grave, although somewhat hidden, 
that electric shock therapy was decided on She improved rapidly during a course 
of SIX shocks, and on discharge was almost completely well — not depressed, and 
free from her facial pain, although still voicing many of her basic anxieties 

pain in parts of the body other than the head 

‘^ScmUca ” — Another case of pain difficult to diagnose was one of 
sciatica 

A woman aged 30 had been under treatment for sciatica The attacks usually 
began mildly with shooting pains down the posterior aspect of the left leg She was 
placed on a regimen of rest and physical therapy but did not improve rapidly, so her 
phj'sician brought her into the hospital, where roentgenologic and neurologic exami- 
nation and studies of the spinal fluid showed nothing abnormal One evening she 
complained that the pain was increasing, and as the night went on she insisted 
that the anguish was becoming unbearable Codeine and seconal sodium brought 
some relief, but a second dose of seconal was necessary to produce sleep She 
complained of still greater agony the next daj', in addition, she was agitated. 
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apprehensive and tremulous Sodium amytal was injected slowly When only 
grain had been introduced, she began to relaiv, said she was less tense and reported 
definite improvement m the pain in her leg With only 1 gram of amytal injected 
into her blood stream, she began to express wonderment that her wretchedness 
had left her so completely and reported that her leg was free from pain She 
demonstrated this fact by moving the limb readilv, although she had for the 
previous several days held it almost immobile She was discharged from the 
hospital shortly afterward, later she had two episodes of pain, which were again 
relieved with sodium amytal With psychotherapy she remained symptomless for 
almost a vear 

Postopei ahve Lame Back — In only 1 instance was pain made woise 
with sodium amytal 

A man aged 33 had been operated on for a ruptured intervertebral disk 
about eight months prior to the present admission At that time a fusion 
of the spinal vertebrae had been done After recovery the patient was subject 
to recurrent pain in the back, which radiated down both legs and was relieved 
by his remaining in bed for a time However, on his resuming work the 
pain would recur with its old intensity' He was seen by several physi- 
cians, one of whom told him that he had a “chronic lame back” and another 
stated, “It’s just your imagination” To alleviate his pain, the patient began to 
drink more heavily than before and was first seen by us m the psychiatric ward 
during an acute alcoholic episode When he recovered from the effects of the 
alcoholism, he was discharged and made a good social adjustment, with the help 
of Alcoholics Anonymous, Inc , which helped him secure a job as a dental 
mechanic After working for several weeks at tasks requiring his sitting for 
eight hours a day, the patient began to complain of severe pain m the back He 
was given an injection of 2 grains of sodium amytal, but this only increased the 
pain He was thereupon taken into the hospital, where an mtraspinal injection of 
iodized poppyseed oil revealed still another ruptured intervertebral disk This 
was removed, and the patient has had no recurrence of the symptom since the 
operation, three months ago 

Dysmenorrhea — One of the most perplexing and annoying symp- 
toms IS that of dysmenorrhea Often women are relieved by surgical 
procedures, such as dilation and curettage, placement of stem pessaries 
and suspension of the uterus Hysterectomy is at times lesorted to 
m cases of persistent and incapacitating dysmenorrhea We have 
treated 7 patients wuth dysmenorrhea and have failed to afford relief 
in only 2 of these patients Each patient was given 1 ^ grams of sodium 
amytal intravenously Relief from pain peisisted throughout the day 
(usually the first day of menstruation) except for minor, negligible 
cramps 

Anginal” Type of Pain — ^We have diagnosed as tensional the pain 
of 2 patients with syndromes of angina pectoris bv lelieving symptoms 
through intravenous injections of sodium anrstal 

One of these patients, a woman aged 52, w'hose first husband had died of 
coronary occlusion, experienced repeated pain in the precordium, which radiated 
down the left arm Electrocardiograms on several occasions were normal 
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Glyceryl trinitrate served to increase the symptoms, which responded completely 
to intravenous injections of sodium amytal m small doses 

SYMPTOMS OTHER THAN PAIN 
Cast) ointeshnal System — Many tensional symptoms are associated 
with the gastrointestinal tract Included among these are nausea and 
vomiting, difficulty in swallowing, anorexia and epigastric distiess 
In 43 cases the symptoms were diagnosed as being cardinally functional 
by means of sodium amytal, which, injected intravenously m small 
doses, gi anted almost complete relief in all but 1 case 

Anorexia, even in depressed patients, is continually relieved by 
the administration of a relaxing dose of sodium amytal (usually ll4 
grams) just before each meal In the 12 instances of anorexia cited 
in the table, the patient was enabled by this method to eat entire meals 
without difficulty Furtheimore, none of these patients complained of 
a sense of fulness or nausea afterward 

One patient, a woman aged 53, had been undergoing medical treatment for 
difficulty in swallowing Fluoroscopic examination showed a dilated esophagus, 
and the diagnosis of cardiospasm w'as made Esophagoscopic examination failed 
to reveal any organic lesion which might be responsible for her condition Sodium 
amytal, given intravenously in doses of 1 to 1J4 grams during meals, when the 
patient complained of obstruction and regurgitation, enabled her to swallow 
without difficulty The same sedation before meals gave her complete relief and 
did aw'ay entirely with the feeling that food was lodging in the esophagus Her 
weight, wdiich had dropped from 130 to 100 pounds (59 to 45 4 Kg), began to 
rise She was discharged with instructions to take seconal sodium before each 
meal This procedure, together wnth psychotherapy, has allowed her to continue 
for the past two months without recurrence of her difficulty 

Twenty-three patients with nausea and/or vomiting obtained complete relief 
from their distressing symptoms, although for some of them a tentative diagnosis 
of peptic ulcer had been made 

Another patient wuth many symptoms of tension had been treated medically 
for diarrhea over a period of four years She was seen by us because of “nervous- 
ness, incoordination and feelings of tension These symptoms had been precipi- 
tated by the nature of her w'ork, which required that she complete an assignment 
by a certain date Although the patient realized that she should slow her pace, 
financial considerations made this impossible After pointing out the hazards of 
continuing her work, we offered to support her by injections of sodium amytal 
at times when she was particularly distressed, with the understanding that when 
her work was finished she would enter the hospital for study and psychotherapy 
Injections were given about every two days, with some relief of symptoms, inter- 
estingly, the patient reported that for the first time in years she had a formed 
stool, that she no longer suffered from diarrhea and that she had gained 7 
pounds (3 2 Kg ) m three w eeks 

The 1 patient with gastrointestinal complaints who failed to secure relief was 
a woman with severe nausea and vomiting which failed to yield to the relaxation 
produced by the drug and W'ho finally required gastroenterostomy to obtain release 
rom the symptoms Adhesions were found around the duodenum, but no reason 
or a mechanical block of the pyloric outlet was discovered The patient was 
ischarged after an une\entful postoperative course and returned to her home 
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Reports from one of her physicians indicated that the nausea and vomiting 
recurred, but further contact with this patient could not be made and we are 
uncertain as to her outcome 

Musculoskeletal System — Many of the symptoms listed m the table 
under the musculoskeletal system have been discussed m connection 
with pain The symptoms not discussed include those occurring in 
several cases tentatively diagnosed as Meniere’s s 3 ndrome because of 
dizzy spells and ringing in the ears and a disturbance m 2 cases diag- 
nosed as multiple sclerosis because of incoordination and equivocal signs 
The patients were completely freed of their symptoms by injections of 
sodium amytal 

COMMENT 

The broad concept of this paper is the contention that symptoms 
lesultmg from tension or anxiety will frequently disappear with mild 
sedation In order that the effect of the sedative be fullj appreciated, 
it should be given intravenously, to reduce the time between its admin- 
istration and its effect Furthermore, to eliminate whatever analgesic 
effects may be attributed to the drug, just enough sedative should be 
given to produce relaxation This has been accomplished with sodium 
amytal in average doses of grains The injections are made when 
the symptoms are at their height Even when pain is the symptom, 
the mechanism of relief may be attributed to the tension-relaxing phe- 
nomenon, since the analgesic property of such small doses of sodium 
amytal is slight None of our patients were put to sleep with these 
injections Moreover, the relief affoided by the drug in most cases far 
outlasted its pharmacologic effect 

It should be stressed that this test should not supplant anj of the 
customary psychiatric diagnostic procedures but is best utilized as an 
adjuvant to these procedures It cannot leplace the careful, compre- 
hensive study of each psychoneurotic patient, involving the psychiatric 
mteiview, projective procedures for unearthing conflicts and other tech- 
nics It has served, however, m more than 80 cases encountered m a 
period of nine months to curtail the period of hospitalization of many 
patients 

Many patients are recognized as displaying definite neurotic patterns 
but as having also somatic complaints which are not necessarily part of 
this pattern and are therefore difficult to evaluate For example, severe 
headache may be a cardinal complaint in a patient with chronic anxiety 
but may not have an organic basis A careful historj may reveal the 
place of the headache in the psychoneurosis, or psychotherapy may 
eventually relieve the headache, together with the other symptoms It 
IS felt that by means of this test, however, the proper assessment of 
the headache can be made more quickly, thereby saving both time and 
the expense of repeated searching for an organic foundation 
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Although the test should not replace standaid diagnostic procedures 
for organic illness, it has proved valuable in its role of focusing attention 
on functional elements in cases in which physicians have kept patients 
hospitalized for weeks in unavailing repetition of tests for organic disease 

The amytal test should be considered primarily a diagnostic measure 
The problem of diagnosis m psychiatr}’^ is somewhat different from that 
m other specialties, for therapy goes hand in hand with diagnosis From 
the moment the psychiatric interview begins, whether involving face to 
face discussion, projective procedures or use of the needle and syringe 
treatment of the patient is instituted The very willingness of 
the interviewer to probe into psychiatric problems should hold his 
awareness that he assumes therapeutic responsibility also It is apparent 
therefore that no ps3^chiatric test can be deemed solely a test Theie 
must be continuous integration with therapy, m whatever degree 
required The utilization of the amytal test must be governed by this 
tenet Although primarily a diagnostic method, the relief of pain, the 
explanation of what is being attempted, the assumption of the patient- 
physician relationship — all of these constitute therapy and are inseparable 
from the simple diagnostic test In the case histones previously cited, 
therefore, the diagnostic and therapeutic elements are necessarily mingled 
Emphasis in this paper, however, is placed on the diagnostic value of 
the test 

The usefulness of this test is of course limited b) the inherently 
complex nature of psychiatric problems Its applicability, however, 
proved wider than we at first appreciated Over the period of about 
SIX months during which our cases were collected, almost every service 
of a 600 bed general hospital called on the psychiatric department foi 
consultation when this test proved fruitful Considerable enthusiasm 
for the test was aroused in the departments of surgery, internal medi- 
cine, orthopedics and gynecology, where m puzzling cases the drug 
granted relief from symptoms after the usual piocedures proved unavail- 
ing and the way was thus paved for future management In many cases 
this initial relief of pain convinced patients and their families who were 
resistive to psychiatric consultation that further psychiatric therapy might 
he helpful This is an important consideration m the care of private 
patients who refuse, because of their own or their families’ unwill- 
ingness, to permit the sometimes slow tempo of psychotherapy to prove 
its value 

No one group of problems considered here is a statistically laige 
sample, and the conclusions drawn for any one symptom complex must 
he considered tentative — indeed, they are not conclusions so much as 
reports on clinically interestmg and therapy-resistant material But 
although no one syndrome has been studied in large numbers, the 
fundamental pattern of the relief of pain, vomiting and other symptoms 
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by a tension-reducing measure has emerged in the entire series here 
reported 

This test shows that certain symptoms are based on what, for want 
of a more specific term, we call a tensional foundation It also strength- 
ens the belief that m many cases of organic disease there is a super- 
imposed element m the system which is due to tension alone — probably 
the poition which makes the symptom so intense 

There has been a recent tendency to combine analgesic drugs with 
a sedative for optimal results This is an empiric way of treating a 
symptom whose basis is not truly known By use of the amytal test 
It can be determined whether the symptom is, in general, organic or 
functional and the proper drug utilized In some instances the com- 
bination of an analgesic and a sedative drug would be more effective 
Another advantage afforded by this test is that it can be used to prove 
the existence of tension to the patient and thus to la}’^ the foundation 
for the future psychotherapy 

It must be stressed again that this test is primarily a diagnostic 
measure, that it should be considered only a small portion of the psycho- 
therapeutic regimen and that each patient must be studied carefully as 
a problem in human behavior 

CONCLUSIONS 

1 Anxiety or tension states may give rise to symptoms referable 
to many systems of the body, even in patiefits not considered psycho- 
neurotic 

2 Symptoms due to organic disease may be exacerbated because 
of tension 

3 Sodium amytal in average doses of grains (0 097 Gm ) given 
intravenously will frequently relieve a symptom which is entirely due 
to tension within one to five minutes 

4 The same amount of sodium amytal will relieve that portion of 
the symptom due to tension in instances in mIhcIi tensional pain is 
superimposed on pain of organic cause 

5 Sodium amytal in small doses can be used as a diagnostic 
test to separate symptoms of organic disease from tension symptoms 

6 The test should be used only to supplement thorough physical ^nd 
psychiatric investigation 
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Physiology and Biochemistry 

Electro-Encephalography in Cases of Sub-Cortical Tumour W G Walter 
and V J Dovey, J Neurol , Neurosurg & Psychiat 7 57 (July-Oct ) 1944 

By means of automatic analj'^sis with an apparatus which traces a frequency 
histogram over the primary record, Walter and Dovey were able to make an 
exact analysis of the electroencephalograms in 31 cases of subcortical tumor In 
all cases significant activity m the 4 to 7 cycles per second band was noted Of 
these, good correlation between the superficial location of this rhythm and the 
deeper effects of the new growth was shown in 21 cases These cases were divided 
into three categories, as follows (1) Cases of superficial tumors spreading into 
subcortical structures The site of the tumor exhibited activity of 1 to 3 cycles 
per second, or delta waves, while the adjacent areas and temporoparietal regions 
showed 6 cycles per second activity, or theta waves (2) Cases of deep tumors 
spreading outward The mam feature was 6 cycles per second activity in the 
cortex above the tumor and in tlie temporoparietal regions (3) Cases of deep 
tumors not affecting the cortex The 6 cycles per second rhythm was the only 
significant abnoimality, and this was usually related to the parietotemporal region 
In cases in which the new grow'th was more widespread, the 6 per second rhythm 
was seen whenever basal structures were affected Thus, an electrical activity 
of about 6 cycles per second is associated with involvement of subcortical struc- 
tures, and this theta rhythm is located in the parietal and temporal regions 

M^lvmud, San Francisco 

The Effect of Perclssion of Nerve. D Denny-Brown and C Brenner, 
J Neurol , Neurosurg & Psychiat 7 76 (July-Oct ) 1944 

Denny-Brown and Brennei investigated the effects of lesser degrees of injury 
to peripheral nerves in order to determine the nature of the structural change 
underlying the transient disturbance of function wuth such injuries They found 
that a single percussion of a nerve trunk resulted primarily in damage to the 
myelin sheath and probable longitudinal rupture of the sheath of Schw'ann, with 
escape of damaged myelin into the endoneural spaces but without interruption of 
the axis-cylinder, even wuth severe blows At the site of injury a localizing 
swelling, or pseudoneuroma, developed as a result of edema associated with the 
rapid appearance of large numbers of histiocytes This reaction was related to 
the breakdown of myelin and occurred if regeneration w'as prevented by proximal 
ligature It w'as prevented if the blood supply was interrupted With such a 
moderately severe lesion, since axis-cylinders remained largely intact, there was 
retention of sensation with transient complete block of impulses in motor fibers 
This dissociation m function closely resembled that caused by ischemia induced 
With compression The degree of edema and demyelination was lessened by con- 
comitant rupture of the perineurium and decompression of the edema, indicating 
that ischemia accompanied the edema but w^as not an essential feature of the 
mechanism of the lesion The phagocytic reaction was derived from histiocytes, 
le Schw'ann cells playing no part m it A partial lesion produced transient 
paralysis, lasting three to four davs, without loss of gross sensation Here a 
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pseudoneuroma was also piesent, the majority of the axis-cylinders being deprived 
of myelin m passing through the neuroma but recovering it below If the axis- 
cylinder was transversely interrupted by the percussion, degeneration occurred in 
the distal portion of the nerve fiber, and regeneration was extremely rapid and 
complete Regeneration of axis-cylinders in intact Schwann tubes took place bj 
the initial production of a large number of fibrils by the parent axis-cylinder, 
early maturation of one of these and resorption of the remainder Delay in regen- 
eration resulted when the perineurium was ruptured, causing herniation of nerve 
fibers and endoneurium with formation of a true neuroma Percussion of a nerve 
trunk in the process of wallerian degeneration led to liberation of intratubal phago- 
cytes by the mechanism of traumatic splitting of the tube of Schwann cells 

Malamud, San Francisco 

The Electro-Encephalographic Localization of Intracranial Neoplasms 

W A Cobb, J Neurol , Neurosurg & Psychiat 7 96 (July-Oct ) 1944 

In an analysis of the electroencephalograms of 125 patients with intracranial 
space-occupying lesions, Cobb found that rapidly growing lesions near the free 
convexity of the cerebrum lend themselves most readily to localization Thus, 
about one-half the cerebral tumors were correctly localized, as compared with 
only 3 of 21 subtentorial tumors and none of the midline or basal tumors Locali- 
zation was difficult in the case of parasagittal tumors, especially meningiomas 
There was a greater tendency to slowing of the alpha rhythm in cases of tumor 
than IS observed in cases of traumatic injury or of epilepsy At times a noticeable 
asymmetry of the alpha rhythm was a useful aid in lateralization The effect of 
increased intracranial pressure on the electroencephalogram was not characteristic, 
the abnormal waves being generalized and usually possessing a frequency of about 
2 to 4 per second, irregular rhythm and lower amplitude than that of the alpha 
rhythm This electroencephalographic pattern could not be distinguished from 
that of cortical atrophy, vascular disease or other diffuse condition There was 
no direct relation between these changes and the height of intracranial pressure 
or the degree of papilledema, but there was some correlation with the state of 
consciousness The local effects were not always distinguishable from the gen- 
eralized effects of high pressure, but as a rule high amplitudes and verj slow 
frequencies were uncommon with the latter The usual record in a case of tumor 
was a mixture of slow frequencies 

The “ideal” means of localization is the finding of phase reversal of the slow 
waves, but not infrequently one must depend rather on their maximum intensity 
A 4 to 7 per second frequency band, or theta rhythm, w’as found to be associated 
with lesions in the region of the third ventricle In the opinion of the author 
minimal general change maj prove to be just as diagnostic m cases of tumor as 
the presence of a gross dysrhythmia Malamud, San Francisco 

The Electroencephaiogram in Traumatic Epilffsi D Williams, J Neurol, 

Neurosurg & Psychiat 7 103 (July-Oct ) 1944 

Williams investigated the relationship of abnormalities in the electroencephalo- 
gram of patients with head injuries to subsequent onset of traumatic epilepsy by 
comparing the tracings of the following groups (1) 241 normal healthy controls, 
(2) 234 patients with head injury but without epilepsy, (3) 210 patients with 
traumatic epilepsy, (4) 275 patients with idiopathic epilepsy and (5) 42 patients 
who were examined wnth the electroencephalograph before and after the onset 
of traumatic epilepsy 

The results showed that larval epileptic outbursts were invariably associated 
with overt fits, being present in 9 per cent of patients wnth traumatic epilepsy, in 
27 per cent of patients w'lth idiopathic epilepsy and in none of the subjects who 
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had not experienced epileptic fits, including those with head injury Other 
paroxysmal outbursts, on the other hand, were nearly as common in patients with 
head injury who did not have fits as in those who did Thus, the presence of 
other paroxysmal outbursts in cases of post-traumatic states does not necessarily 
indicate the development of traumatic epilepsy Nonspecific abnormalities were 
not affected by the presence of epilepsy and represented results of injury or pre- 
traumatic abnormality The incidence of paioxysmal epileptic outbursts was 
higher in the group of patients with penetrating wounds than m those with closed 
injuries of the head, while nonspecific abnormalities were equally common m 
the two groups A comparison of the records made before and after the onset of 
fits showed that the characteristic episodic changes often appeared in the electro- 
encephalogram before the onset of traumatic epilepsy Foci of abnormal discharge 
were found m a laiger proportion of patients with traumatic epilepsy than m 
patients with idiopathic epilepsy In the opinion of the author, a distinction is to 
be made between the immediate, or primary, effects of trauma on the electro- 
encephalogram which are reversible and transient, and the remote, or secondary, 
effects, which are irreversible and persistent and are usually associated with 
epilepsy While the electrical disturbances associated with traumatic epilepsy 
and those occurring with idiopathic epilepsy differ in their frequency and site of 
origin, they are fundamentally similar This conclusion may be compared with 
similar ones reached on histologic grounds Malamud, San Francisco 

The Scope and Limitations of Visual and Automatic Analysis of thf 
Electroencephalogram G D Dawson and W G Walter, J Neurol , 
Neurosurg & Psychiat 7 119 (July-Oct) 1944 

Visual inspection and measurement are often inadequate to analyze the more 
complex types of change present m an electroencephalographic record Dawson 
and Walter use an electromechanical method of automatic analysis, by means of 
which mixed rhythms are synthesized and the effects on the form of such rhythms 
of variations m the size and frequency of their components are demonstrated 
Visual examination does not separate from masking rhythms those component 
rhythms in a record which are masked Moreover, only rhythms which are larger 
than others can be measured by the visual method, but those rhythms which are 
either comparable m size with or smaller than others are not measured by this 
method To determine these, automatic analysis must be used When the latter 
IS not available, the use of closely spaced bipolai electrodes is of value, since it 
may demonstrate the presence of masked rhythms, although it does not measure 
their size On the other hand, the limitation of automatic analysis is the inability 
of the method to record transient outbursts of brief duration and to express the 
phase relations of the components of a compound rhythm The importance of the 
latter is seen in the simple cases of waves formed from a fundamental and one or 
two harmonics, as well as in the complex wave and spike discharges Further 
investigations of these problems by full automatic analysis are indicated 

Malamud, San Francisco 

N europathology 

Hepatolenticllar Degeneration (Wilson’s Disease) Report of One Case 
WITH Severe Portal Cirrhosis and Splenomegal\ Harry Freedberg, 
Ann Int Med 22 418 (March) 1945 

Freedberg reports the case of a 26 year old Italian wmman with hepatolen- 
ticular degeneration who was closely observed over a period of six years When 
s le was first seen, she complained of extreme nervousness, periods of amenorrhea 
and coarse tremors of both hands She adjusted fairly well, w'lth little progression 
o symptoms, until five years after ‘.he cvas first studied, when she complained 
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of loss of weight of about 25 pounds (12 Kg ), bleeding from the gums, increase 
in nervousness and the development of an abdominal mass 

Physical examination revealed a protuberant abdomen with physical signs of 
ascites and evidence of splenomegaly The liver could not be palpated 

The significant observations on neurologic examination were as follows a 
constant grin, which remained relatively fixed, slow and monotonous speech, and 
some difficulty m swallowing There were gross tremors of the head, protruded 
tongue and trunk and tremors of the extended hands , these tremors were increased 
with involuntary movement, especially on the left side Slight tremor of the legs 
was apparent There was a Warner hand on the left side The deep reflexes 
of the upper extremities were of the basal ganglia type, that is, with each reflex 
response there was imperfect relaxation This was also true to a less extent in 
the lower extremities Examination with the slit lamp showed no evidence of a 
Kayser-Fleischer ring 

Rontgenographic examination showed extensive abnormalities involving the 
whole length of the esophagus Thesd consisted of tortuous defects of the 
mucous membrane The changes were characteristic of extensive varicosities 
of the esophagus The urine was normal Studies of the blood revealed nothing of 
particular significance, except for anemia and negative Hinton and Wassermann 
reactions of the blood on two occasions and a positive Kahn reaction on two 
occasions 

Tests of hepatic function gave the following results The prothrombin time 
w'as thirty-five seconds The total cliolesterol measured 107 mg , the free choles- 
terol, 40 mg, and cholesterol esters o7 mg, per hundred cubic centimeters The 
bromsulfalein excretion test showed a retention of 50 per cent of the dye at 
the end of an hour The icteric index was 12 The total bilirubin of the blood 
measured 1 4 mg , and the blood phosphatase 6 0 Bodansky units, per hundred 
cubic centimeters The blood serum proteins measured 7 10 Gm , with 2 95 Gm 
albumin and 415 Gm globulin, per hundred cubic centimeters The Takata-Ara 
test was positive in four tubes 

For several months prior to death the patient had hemorrhages from the mouth, 
associated with vomiting and tarry stools 

Changes of significance observed at necropsy, other than the presence of 
esophageal varices, splenomegaly and ascites w'ere confined to the liver and brain 
The liver was small, firm and uniformly nodular Microscopic examination 
revealed definite thinning around many of the central veins, and a lobular pattern 
W'as present In some sections there were broad areas of scarring and m others 
the lobules showed only slight vacuolation of some of the liver cells A few 
portal areas showed slight increase of stromal connective tissue The dura was 
not remarkable The brain was described as being distinctly “porky” and edema- 
tous On the left, m the region ot the caudate nucleus, there were a grayish 
white area of apparent gliosis and some distortion of the relations of the nuclei 
to each other The right side appear -d to be entirely normal The brain weighed 
960 Gm 

Microscopic study of sections of the brain revealed no abnormalities except 
in the lenticular region, where there were occasional areas of loss of normal 
outline, with fraying of some of the structures and occasional foci of gliosis 
Only an extremely rare large Alzheimer cell w'as seen The appearance of th( 
cortical cells showed no apparent lesion involving the third nuclear layer 

Freedberg reports this case because the changes affecting the liver far out 
strip those observed in the lenticular nuclei, and death was directly related to 
cirrhosis of the liver Wilson stated that the latter condition rarely, if ever, 
gives rise to symptoms during the life of the patient, and m the case described 
in the literature death was attributed to the cerebral involvement 

Tests of hepatic function which were performed before the patient’s death indi- 
cated severe hepatic dysfunction The positive Kahn reaction is explained by the 
hyperglobuhnemia 
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Freedberg believes that Wilson’s theory, “that the liver is first affected and 
that the lenticular lesions follow as a result of some unspecified toxin which either 
originates from, or is not neutralized by, the damaged liver,” is the most plausible 
explanation for the course of this patient’s illness Quttman, Philadelphia 

Pathology of the Liver in Extrapyraimidal Disease G Heiebrhnn 
0 Felsenfeld and P Szanto, J Nerv & Ment Dis 102 19 (July) 1945 

The authors made postmortem examinations of the liver in 3 cases of post- 
encephalitic parkinsonism, 1 case of paralysis agitans and 1 case of Huntington’s 
chorea and found mild and nonspecific structural changes, consisting of moderate 
periportal round cell infiltration, mild passive congestion and moderate fat infiltra- 
tion at the periphery of the acini The colloidal gold test of the blood serum, 
determination of the prothrombin time, the Weltmann coagulation test and the 
* Lange-Heuer flocculation test were performed on 58 patients suffering from various 
extrapyramidal disorders, positive reactions being obtained in 85 per cent of the 
cases The highest percentage of positive reactions (93 per cent) was found in 
15 cases of Huntington’s chorea The authors believe that these results justify 
the conclusion that the liver manifests dysfunction in a high percentage of cases 
of evtrapyramidal disease, but they feel that no conclusion as to its primary, 
secondary or correlated character is warranted Chodoff, Langley Field, Va 


Anatomical Defects and Pathological Changes in Congenital Cerebral 
Aneurysms Francis M Forster and Bernard J Alpers, J Neuropath & 
Exper Neurol 4 146 (April) 1945 


Forster and Alpers report their histopathologic observations on 8 patients 
with cerebral aneurysms The arteries of origin were embedded in paraffin, 
sectioned serially and prepared with hematoxylin and eosin. Van Gieson’s stain 
for elastic tissue and Masson’s trichrome stain The condition of the parent vessel 
in the entire series of sections, the constituent coats of the aneurysmal sac and the 
changes in the wall of the vessel at the origin of the aneurysm were studied 

The cases studied revealed a variety of changes m the elastic membrane, 
ranging from a complete membrane, through splitting and fragmentation to the 
complete absence of the membrane, with a sharp defect at the site of origin of 
the aneurysm These observations indicate that there is a tendency for the 
elastic membrane within the aneurysmal wall to disintegrate and that this occurs 
without other evidence of degenerative change, either in the elastic membrane 
of the parent vessel or in other structures of the aneurysmal wall The tendency 
toward destruction of the elastic membrane may proceed not only until the entire 
elastica of the aneurysmal sac is destroyed but until even the edge of the defect 
IS sharpened 


The present series of observations conforms with the prevailing opinion that 
the defect m the media is congenital and indicates that the changes in the elastic 
membrane vary widely and are independent of degenerative changes elsewhere 
This would seem to corroborate the explanation for degeneration of the elastica 
as given by Bremer Because of these wide variations m the status of the elastic 
membranes of aneurysms that have arisen at bifurcations and from areas of defect 
m tlie media of the parent vessel, Forster and Alpers feel that such aneurysms 
Aould be considered congenital, regardless of the state of the elastic membrane 
le changes in the elastica are secondary to the formation of the aneurysm, and 
minute classification on the basis of a variable anatomic feature does not seem 


warranted, particularly when the 
aneurysm m the first place 


variability depends on the presence of the 
Guttmvn, Philadelphia 
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Leucoencephalitis Associated with Purulent Leptomeningitis (Meningo- 
LEUCOENCEPHALiTis) I Mark Scheinker, J Ncuropath & Exper Neurol 
4 164 (April) 1945 

Scheinker reports observations in 7 cases of purulent leptomeningitis, in all of 
which tliere were widespread, diffuse, inflammatory phenomena involving the 
leptomemnges and large areas of the central and the subcortical white matter 
The lesions in the white matter were inflammatory, hemorrhagic and mixed, with 
predominance of the inflammatory changes In some portions of the white matter 
there were small focal areas of myelin loss, usually seen about small thrombosed 
veins The nerve fibers, as well as the glia, were severely damaged or completely 
destroyed The gray matter revealed no inflammatory or hemorrhagic changes 
and appeared fairly well preserved except for a mild degree of edema, associated 
with diffuse, ischemic alteration of the cells In cases in which the cerebellum 
and the spinal cord were examined these changes were inconspicuous 

In the cases reported in this series a pyogenic infection was the primary 
etiologic feature, with the meningococcus responsible in 4 cases, the pneumococcus 
111 2 cases and a neisserian diplococcus m 1 case 

Scheinker, m view of the predominant involvement of the white matter and 
the association of the lesions with purulent leptomeningitis, designates the disorder 
as a menmgoleukoencephahtis Guttman, Philadelphia 

Studies on Developmental Pathologv III Disintegration in the Nervous 
System of Normal and Malde\ eloped Embryos Petfr Gruenwald, J 
Neuropath & Exper Neurol 4 178 (April) 1945 

Gruenwald reports his observations on changes in microscopic structure in the 
brain of chick and human embryos which are called “disintegration ” Essick 
originally observed areas in which clefts appear between the cells of the mantle 
layer in the corpora striata of the human embryo m the second month In the 
same area in older embryos cysts were seen w'hich had apparently developed by 
fusion of the clefts These cysts are thought to occur in all normal embryos, are 
not artefacts and disappear completely w’hen the embryo reaches a length of about 
24 mm Hochstetter confirmed and extended Essick’s observations He found 
that cavities appear again in the corpora striata after the disappearance of those 
described by Essick He also observed large cysts m the cerebellum of embryos 
of 26 to 50 mm and smaller cysts m the diencephalon Both authors found 
similar cysts in some mammals and failed to find them m others 

Gruenwald’s studies confirm these observations His studies show that m 
certain areas and stages of development of the embryonic brain there are peculiar 
changes m histologic structure resulting m the formation of clear spaces Gruenwald 
calls this phenomenon disintegration and states that m many instances it leads 
to cyst formation The changes appear m human and in chick embryos in 
various derivatives of the forebrain, particularly m the corpora striata and near 
the ventricular surface of the thalami Human embryos also show extensive 
cyst formation m the cerebellum Gruenwald states that all these changes 
disappear completely Similar disintegration and cyst formation were observed in 
or near malformed parts of the nervous system of chick embryos, in locations 
where disintegration does not occur normally 

Theoretically, there are several pathologic conditions that may arise from 
disintegration In its normal location the disturbance may persist, probably 
because of an abnormal intensity or extent of the embryonic changes In abnormal 
locations disintegration as such is pathologic but may be transitory It is possible 
that disintegration may not be permanent but may persist long enough to disturb 
further development, and it is extremely difficult to predict possible consequences 
The presence of abnormal disintegration m the vicinity of gross malformations 
indicates that the abnormality extends beyond the gross anatomic disturbance. 
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either as its sequel or as a primary process This should be considered in evalu- 
ating the extent to which a maldeveloped nervous system may be histologically 
and functionally disturbed Gottman, Philadelphia 

Head Trauma Causing Reactivation of Thvrotoxicosis, Appearance of 
Diabetes Mellitus, Amenorrhea and Melanodermia Luiz Capriglione 
and Jose Schermann, Arq de clin 1 311 (Sept ) 1945 

Capriglione and Schermann report the case of a white woman aged 36 , the 
mother had diabetes mellitus and a sibling epilepsy There was a history of 
tliyrotoxicosis following childbirth ten years previously, this had subsided with 
conservative treatment Six months before admission she was m a bus accident 
and lost consciousness There was no report of a fracture Soon afterward, 
polydipsia, polyuria and vulvar pruitus appeared She began to lose weight, 
became nervous, and tremors of the hands appeared Pigmentary changes weie 
observed Clinical examination showed an enlarged, nodular thyroid, a small, 
atrophic uterus and diffuse melanoderma Her blood pressure was 110 systolic 
and 70 diastolic in the lying position and 100 systolic and 60 diastolic in the 
sitting position The basal metabolic rate was -f 22 5 and 34 per cent on two 
occasions The blood sugar measured 250 mg , the sodium, 350 mg , and the 
potassium, 25 mg, per hundred cubic centimeters The blood count was normal 
Biopsy of the skin showed abundant melanin pigment in the histiocytes of the 
skin Estrogemcs in the urine measured 100 and 800 units in twenty-four hours 
The authors believe the head trauma caused changes in the diencephalohypophysial 
region, resulting in exacerbation of thyrotoxicosis due to hypersecretion of thyro- 
tropic hormones The diabetes mellitus is considered a result of the effect of the 
hypothyroidism on the pancreas already affected by the previous bout of thyro- 
toxicosis The amenorrhea is said to be due to uterine atrophy induced by pro- 
longed hyperthyroidism The diffuse hyperpigmentation results from stimulation 
of secretion of intermedin, also a sequel of the head trauma 

Savitsky, New York 


Psychiatry and Psychopathology 

Insulin Shock Treatment After Seven Years Earl D Bond and Thurston 
D Rivers, Am J Psychiat 101 62 (July) 1944 

Bond and Rivers reviewed the results of insulin therapy in 251 schizophrenic 
patients, 138 of whom were recovered or showed improvement at the end of treat- 
ment Forty-nine were followed for five years, and 22 of these maintained their 
improvement or recovery The spontaneous recovery rate in a control group was 
16 per cent at the end of five years Of the 138 patients who demonstrated 
improvement at the last follow-up observation, 88 maintained their status and 
25 had had a relapse, which persisted 

Bond and Rivers point out the notably higher rate of recovery in the insulin- 

treated group than in the control group They are of the opinion that the quality 

of the remission in insulin-treated patients is of much higher standard than is the 

spontaneous recoveix^ _ i j « i 

Forster, Philadelphia 


The Effect of Electric Shock Therapy upon Cerebrospinal Fluid Pressure, 
Protein \nd Cells James S L Jacobs, Am J Psj’^chiat 101 110 (July) 
1944 


of 

21 


Jacobs studied the alterations in the pressure, protein content and cell count 
the cerebrospinal fluid induced with electric shock therapy administered to 
psjchiatric patients Occasional alterations of pressure were noted, and these 
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could be correlated with the patient’s psychomotor status Only in 1 patient did 
the author^note a significant alteration in the protein and the cell content The 
highest cell count for this patient, who had diabetes, hypertension and arterio- 
sclerosis, was 28 cells per cubic millimeter, and the greatest total protein was 
52 mg per hundred cubic centimeters Jacobs concludes that the protein and cell 
contents of the cerebrospinal fluid should be determined prior to administering 
electric shock to patients with significant arteriosclerosis or hypertensive vascular 

disease Forster, Philadelphia 

Insulin, Cardiazol [Metrazol] 'ind Electroshock Treatment in Palestine 

During the Last Five Years Kurt Blumenthal, J Nerv & Ment Dis 

101 332 (April) 1945 

Blumenthal discusses the theory and rationale of the shock tlierapics, paiticularly 
as applied to schizophrenia He does not agree with Sakel’s belief that the nucleus 
■of the psychosis is being attacked oui feels that the hitherto impenetrable wall 
about the nucleus is being penetratea He feels that shock therapy “is a brutal 
and irrational intervention with an attendant therapeutic effect,” and that in order 
to place the procedure on a scientific level the main efforts should be directed 
toward finding and isolating this therapeutic factor With insulin shock it is the 
period of coma which is responsible for the therapeutic effects, and, according to 
Kuppers, this is caused by the exhaustion of the sugar reserves in the interior of 
the nerve cells During the first phase of insulin coma the blood sugar falls, while 
the intracellular sugar is enriched At the first “turning point” of Georgi the 
potential difference has reached its maximum, the cell wall no longer holds, and 
the intracellular sugar flows through the broken cell walls into the blood stream 
The turning point is a phase of en lanced irritability, w hen the so-called early 
epileptic seizure may occur During the second phase the level of the blood sugar 
IS rising while that of the spinal fluid sugar falls, and sugar impoverishment of 
the brain cells continues In the metrazol -produced convulsive seizure, similar 
changes in the sugar content of the blood, spinal fluid and intracellular tissues 
occur, but in a matter of minutes ratlnr than of hours, as w'lth insulin The effect 
of daily insulin coma or convulsive treatments is to increase the permeability of 
the blood-spinal fluid barrier If the cause of schizophrenia is presumed to be an 
unknown toxic agent which causes a reactive “condensation” or decreased penetra- 
bility of the blood-brain barrier, then this action of the shock therapies in increasing 
permeability would be effective in a normalizing manner, since the “condensation” 
continues after the toxic agent has been eliminated and causes metabolic damage and 
secondary irreversible damage to the brain 

Of 267 patients with schizophrenia treated since klay 1937, 26 43 per cent had 
full remissions , 28 10 per cent, social remissions, and 25 47 per cent, no benefit 
The results were better in patients w’th early stages of the disease, in those with 
acute onset and m those with consideiable affective component A combination of 
insulin coma and convulsive therap) w'as more successful than either alone, 
although insulin coma was superior to convulsive therapj A disadvantage of the 
convulsive method is the severe loss of memory, which may be responsible for an 
apparent cure when the patient has actually only temporarily forgotten his delusions 

Chodoff, Langley Field, Va 

Morbidity and Mort\lit\ of Patients with Psvchosis Due to Cerebral 

Arterioscxerosis O J Pollak, J Nerv & Ment Dis 102 27 (July) 1945 

In a series of 2,000 cases in which autopsies were performed at the Taunton 
State Hospital during the past two decades, the clinical diagnosis of psychosis with 
cerebral arteriosclerosis had been made in 476 In only one fourth of the latter 
was death due primarily to arteriosclerosis The average age at death was 71 
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years In contrast to these findings, for other types of mental disease the mortality 
rate from arteriosclerotic processes was much lower (8 per cent), and, except for 
the senile psychoses, the average age at death was lower 

Chodoff, Langley Field, Va 


Brain Waves and Clinical Features in Arteriosclerotic and Senile Mental 
Patients W T Liberson and C A Seguin, Psychosom Med 7 30 (Jan ) 
1945 

Liberson and Seguin analyzed the clinical symptoms as related to the electro- 
encephalographic pattern in 53 patients with cerebral arteriosclerosis or senile 
psychosis The electroencephalographic records were separated into extremely 
abnormal, intermediate and approximately normal groups About a third of the 
patients showed an extremely abnormal pattern, while another third presented no 
definite abnormality The patients were then grouped according to their major 
sj^mptoms, and for each group the percentages of tracings belonging to the various 
electroencephalographic categories were determined In the group of patients with 
highly abnormal records confusion and irritability were more prominent, whereas 
in the groups with normal and borderline patterns agitation, anxiety and delusions 
were the most prominent symptoms Hallucinations and depression showed about 
the same relative values for the extremely abnormal, intermediate and approxi- 
mately normal electroencephalographic groups Wermuth, Philadelphia 


Brain Waves and Heredity in Mental Diseases W T Liberson and C A 
Seguin, Psychosom Med 7 35 (Jan ) 1945 

Liberson and Seguin studied the importance of hereditary factors in the deter- 
mination of the electroencephalographic patterns of 118 patients with mental disease 
between 13 and 23 years of age The electroencephalograms were classified accord- 
ing to the degiee and kind of abnormality present, and the patients were grouped 
according to the presence and importance of the abnormal hereditary factors in 
the family history The authors found relatively more patients with normal electro- 
encephalograms in the group with a negative family history for mental disease 
than in the group with a positive history Wermuth, Philadelphia 


Difference in the Mental Reaction Between Children Suffering from 
Cerebral and Cerebellar Tumors Leo M Davidoff, Psychosom Med 
7 38 (Jan) 1945 


Davidolf, over a period of twenty years, observed that children with tumors 
ol the cerebellum seem to be unusually alert and cooperative and to have sweet 
dispositions A review of hospital records of about 50 children with cerebellar 
tumor appeared to bear out this impression A group of 20 children with supra- 
tentorial tumors, on the other hand, behaved in the manner usually expected of 

seierely sick children nu i i u 

Wermuth, Philadelphia 


The Relvtionship or Anti-Social Traits to the Electroencephalogram in 
Children with Behavior Disorders Joseph J Michaels, Psychosom 
^led 7 41 (Jan ) 1945 

Michaels found a high incidence of stealing and sexual misbehavior in a series 
of 122 children with behavior disorders Enuresis was associated m a positive 
manner with all the antisocial traits Analysis of the electroencephalograms of 
ficse children re\ealed that fire setting was the only sociopathic trait that was 
associated in a positive manner with electroencephalographic abnormalitj’' Enuresis, 
a ps^ chobiopathic trait, also vas positively associated with the abnormal electro- 
encephalogram 1 ^ 1 1 

W ERMUTH, Philadelphia 
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Results of Shock Therapy Evaluated by Estimating Chances of Patients 
Remaining in Hospital Without Such Treatment L S Penrose 
and W B Marr, J Ment Sc 89 374 1943 

Penrose and Marr described a new statistical method in shock therapy, the 
essence of which is a comparison of the actual number of shock-treated (insulin, 
metrazol) patients remaining on the hospital books at a given time with the 
expected number calculated from a random sample of the mental hospital popula- 
tion Discharge, rather than probation, was taken as the index for the com- 
parison of treated and control patients The two groups were matched according to 
sex, age on first admission and lapse of time since the first admission There is 
clear indication that fewer shock-treated patients remain on the hospital books 
than are to be expected from considerations of the control sample An improve- 
ment attributable to shock treatment in the patients’ conditions is implied, this 
IS slight m cases of schizophrenia but pronounced m cases of manic-depressive 
and involutional psychosis 


Treatment, Neurosurgery 

Reconstruction of the F-vcial Nerve A C Flrstenberg, Arch Otolaryng 
41 42 (Jan) 1945 

Furstenberg believes that the facial ner\e should be preserved in operations 
on the parotid gland It is possible and practicable to remove the entire parotid 
gland with preservation of the critical fibers of the seventh nerve Careful and 
painstaking delineation of the nerve fibers, which may be identified with a light 
faradic current, frequently leads to excellent results Removal of an infiltrating 
tumor of the parotid gland is compatible with preservation of the nerve An 
optimistic point of view' with regard to safeguarding the nerve can best be main- 
tained by an initial exposure of the trunk near its emergence from the stylomastoid 
foramen Thus early identification of the nerve is made possible, and its important 
ramifications may be traced with facility throughout the parotid gland 

In cases of traumatic injuries of the facial nerve an end to end anastomosis 
should be used when practicable This is predicated on the assumption that the 
nerve has been sev'ered by a clean cut or tliat only a small part of it has been 
damaged Grafting may be the only method possible when large portions of the 
facial nerve have been destroyed This entails, how'ever, two points of union and 
thus doubles the hazard of fibrous connective tissue encroaching on the joints In 
carrying out end to end anastomosis, the tortuous route of the facial nerve can be 
appreciably shortened by lifting the neive out of its bony canal and freeing it along 
Its course m the parotid gland A union of the ends of a severed nerve which at 
first seemed futile may often be accomplished with this method 

Ryan, Philadelphia 


Early Repair of Neural Wounds with Penicillin Therapy Nathan C- 
Norcross, Arch Surg 50 67 (Feb ) 1945 

War injuries of peripheral nerves should be repaired as early as possible in 

order to obtain a good functional result This can be successfully accomplished 

with the help of penicillin therapy Patients with apparently clean wounds were 

given 10,000 units of penicillin every three hours from the second pieoperative 

to the eighth postoperative day To patients with infected wounds 20,000 units of 

penicillin was administered every three hours from the fourth preoperative to the 

tenth postoperative day, or longer In all cases the wounds healed by first intention 

without complications ^ , 

List, Ann Arbor, Mich 
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Penicillin Treatment of Neurosyphilis A S Rose, Connecticut M J 9 522 
(July) 1945 

During the past fourteen months the neurosyphilis service of the Boston 
Psychopathic Hospital has treated 140 patients with symptomatic neurosyphilis 
The treatment consisted of one half the usually prescribed amount of fever therapy 
and injections of penicillin, given concurrently or in succession Sodium penicillin 
dissolved in saline solution was administered intramuscularly for a total dose of 
3,000,000 Oxford units According to Rose, penicillin is an active therapeutic 
agent in all forms of neurosyphilis, but the degree of effectiveness has not been 
determined The best results are obtained with syphilitic meningitis A small 
series of patients with primary optic nerve atrophy have shown surprisingly good 
results All forms of parenchymatous neurosyphilis apparently need fever therapy 
as well as penicillin Penicillin is an agent which acts directly on the invading 
organisms and therefore can be useful only in cases in which there is evidence of 
spirochetal activity TAMA 


Injuries to the Central Nervous System Wincheil McKinpree Craig, 

J Nerv & Ment Dis 101 451 (May) 1945 

The treatment of closed aijd open injuries to the head has been improved since 
the effect of anoxia produced by trailma and inadequate breathing has been under- 
stood and a clear airway provided by placing the patient m the prone position, so 
that the tongue may fall forward and the saliva and vomitus escape The use of 
oxygen not only has relieved anoxia but has helped to reduce increased intracranial 
pressure Cerebral edema has been combated by the administration of plasma and 
serum albumin 

In this war infected head wounds have been a rarity, owing to the use of 
sulfonamide drugs and penicillin Careful surgical debridement has been aided by 
the use of electrocoagulation and suction, and hemostasis, by the use of fibrin foam 
The repair of defects in the skull with autogenous bone or cartilage or with allo- 
plastic materials, such as vitallium, lucite or tantalum, has been much improved 

Chodoff, Langley Field, Va 


Electroconvulsive Therapy of Acute Hysteria Fred Feldman, Samuel 
SussELMAN, Basile Lifetz and S Eugene Barrera, J Nerv & Ment 
Dis 102 498 (Nov) 1945 


The authors report 2 cases with acute hysterical manifestations m which the 
results of electric shock therapy were successful The first case was that of 
a white woman aged 29 w^ho had generalized tremors and inability to walk 
following an automobile accident eighty-five days previous to admission She 
failed to improve significantly after eight sodium amytal interviews and exhibited 
a new symptom — belching of air Electroconvulsive thtrapy was instituted, and 
me patient showed rapid improvement and was discharged after nine treatments 
The second case was that of an amnesic young woman, who also failed to 
respond to sodium amytal narcoanalysis On the fourth hospital day she was 
given an electrically induced convulsion, which was followed within five minutes 
bj’ the beginning of progressive improvement of memory 


Chodoff, Langley Field, Va 

Compound Craniocerebral Injuries W J German, B S Brody, and S C 
Harvey, Surgery 16 874, 1944 

German, Brody and Harvey reviewed a senes of 64 cases of compound cranio- 
cerebral injuries Sixty of the patients were operated on, the remaining four died 
un one and a half hours of admission, before preparations for operation could be 
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completed The general policy of therapy was as follows (1) immediate treatment 
of shock, (2) inspection, but not palpation, of the wound, (3) roentgenographic 
examination to reveal the extent and type of the fracture, and (4) operation within 
SIX hours for all patients surviving a preparatory period of two hours The 
surgical principles employed were (1) local anesthesia, (2) thorough debridement 
of the scalp, cranial wound and devitalized brain tissue, (3) removal of in-driven 
fragments of bone and foreign bodies, (4) closure of the dura, if possible, and (5) 
tight closure of the scalp All patients (14 per cent) over 60 years of age died, 
their deaths forming more than SO per cent of the mortalities in the series Coma 
was generally a grave prognostic sign, nevertheless, more than one-third the 
patients arriving in deep coma survived It does not seem that one is warranted 
in delaying operation for several hours in order to assess better the chances of 
the patient, at the same time increasing the possibilities of infection by delay The 
authors agree, how^ever, that w^hen large numbers of battle casualties require urgent 
treatment the state of consciousness should be an important factor in selecting 
those with the more favorable outlook for early operation 

Shock should rarely delay operation beyond six hours, since modern methods 
of shock therapy are so effective and only the most severely injured will fail to 
respond in this time 

Operation w'as begun within six hours after the injury on all but 2 patients 
Block removal of the compound scalp and cranial wound was done in 19 of the 
52 patients wdiose wounds w'cre not due to projectiles The operative mortality 
rate was 26 per cent This included the most severely injured patients Excision 
of the scalp wound and removal of fragments from the cranial wound w'ere done in 

20 patients, including those wuth orbitonasal injuries, with an operative mortalitv.- 
of 10 per cent Debridement of the scalp wound without removal of bone, chiefly 
for linear fractures w'lthout bone depression, was done in 13 patients, with an 
operative mortality of 7 7 per cent The over-all operative mortality for those 
patients (52) without wounds due to projectiles w'as 15 4 per cent, and one-half 
these deaths were in patients over 60 years of age 

Primary closure of the scalp was done on all patients Drains w'ere inserted 
in the wounds of 29 of the 60 patients operated on The dura w'as closed w'henever 
possible 

In onlj' 2 of 51 patients surviving six days did severe infections develop, and 
of these 2 patients, 1 died, a mortality due to infection of 2 per cent Seven 
patients (14 per cent) had infections of the scalp, and only 2 of these occurred m 
persons for W'hom drainage had not been employed 

Nine patients had injuries due to missiles, and 6 of these (66 7 per cent) died 
One of them died before operation could be performed All 4 patients' with 
traversing wounds died after operation The total mortality rate for the entire 
series of 64 patients w'as 26 5 per cent, and the over-all operative mortality w'as 

21 6 per cent Shenkin, Philadelphia 

Electrocoac ULATioN OF Gasserian Ganglion K H Bauer, Chirurg 16 1 
(Jan) 1944 

Bauer reports experiences with electrocoagulation of the gasserian ganglion 
in more than 500 cases of neuralgia There was not a single fatality Injection 
of solution of procaine hydrochloride is made to infiltrate the track for the punc- 
ture cannula to the base of the skull A 12 cm long, thin cannula, insulated w'lth 
pyroxj'hn, is introduced and is passed slowdy forward along the foramen ovale 
without touching the base The passage through the foramen ovale is made 
manifest by sudden, radiating pain in the area of the third branch and by resistance 
offered by the nerve Roentgenographic examination of the position of the needle 
prior to coagulation is imperative Examination of the eyes is important because 
changes in vision, in the size of the pupils and in the ocular movements suggest 
that a change m the position of the needle is required This may also be necessi- 
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tated by aspiration of blood or cerebrospinal fluid or by nausea Aftei these 
precautionaiy measures, high frequency electrocoagulation with the alternating 
current may be performed with the patient under evipal sodium anesthesia 
Coagulation should be made in four stages, of fifteen, twenty, twenty-five and 
thirty seconds’ duration The intensity of the current is increased during the last 
stage Coagulation itself should not be performed with local anesthesia Residual 
pains may persist for two or three days Electrocoagulation may be repeated 
when pain persists on the fifth or sixth day, as well as when there are recurrences 
The advantage of the method is that the effect of the current is limited to the area 
immediately next the cannula, thus preventing severe destruction at the base of 
the skull or extensive sequestration of bone in the area of the base and of the 
upper jaw JAMA 

Electrocoagulation of Gasserian Ganglion by the Kirschner jMethod 
B Oddsson, Acta psychiat et neurol 19 293, 1944 

In the neurosurgical department of Rigshospitalet, in Copenhagen, 86 patients 
vith trigeminal neuralgia have been treated during the last six years with electro- 
coagulation of the gasserian ganglion by the Kirschner method The location of 
the foramen ovale having been found percutaneously wnth an apparatus specially 
designed by Kirschner, the ganglion is punctured with a trocar, the stylet is 
removed, and a cautery probe is introduced, with which the ganglion is electro- 
coagulated The operation takes a few minutes The patients w'ere between the 
ages of 19 and 92 There were 54 women and 32 men The average duration of 
the neuralgia was six years, the longest period being thirty years and the shortest 
three months The right side was affected in 55 patients and the left in 28 patients, 
and 3 patients had bilateral neuralgia, 74 patients had major and 12 atypical 
trigeminal neuralgia Sixty-six patients had primary relief of symptoms, the 
remaining 20 having to undergo other treatment The longest follow'-up observa- 
tion w^as fifty-one months, the shortest, three months The follow-up obseivation 
revealed that 25 patients w^ere relieved of pain and 7 w'cre substantially improved, 
13 patients had a recurrence, wduch in most cases yielded to a repeated electro- 
coagulation There were no deaths The best results, both as to primary relief 
of symptoms and as to prevention of recurrence, w^ere obtained with trigeminal 
neuralgia of the third division Oddsson suggests that most patients w ith maj or 
trigeminal neuralgia should be treated with temporal i etrogasserian neuiotomy 
If the patient is not likely to stand the operation, injection of alcohol or neurexeresis 
may be carried out if the first and second divisions are involved, while wnth 
neuralgia of the third, and perhaps also of the second, division electrocoagulation of 
Kirschner should be performed In special cases section of the sensory loot along- 
side the pons by Dandy’s subcerebellar route may be considered, but it seems likely 
that this operation will be superseded by the tractotomy of Sjoqvist, wduch has 
definite advantages t a at a 
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PHILADELPHIA NEUROLOGICAL SOCIETY 
Walter Freeman, M D , Presiding 
Regular Meeting, Oct 26, 1945 

Experimental Observations on the Use o£ Stainless Steel for Cranioplasty 
A Comparison with Tantalum Dr Michael Scott and Dr Henr\ T 
\Y\ CIS 

Stainless steel iias used foi cranial defects m 3 dogs, which w'eie killed at 
tlie end of six weeks, three months and six months, respectivelj' The gross and 
microscopic studies made on these dogs show’ed that the stainless steel plates were 
completelj"^ encapsulated m every instance There w'as no evidence of infiltration 
with pol} morphonuclear leukocjdes or round cells m anv of the sections There 
was no collection of serum above or below the plates The reaction following 
the insertion of a stainless steel plate in the subdural space compared favorablj 
with that reported b> Pudenz and Odom following insertion of a tantalum plate 
in the subdural space 

Stainless steel plates were used in repair of cranial defects in 3 patients, but 
the follow-up period had been too short to warrant any conclusions 

It was concluded that the stainless steel plates compared favorably v\ith tan- 
talum plates used in similar locations Stainless steel plates are easily obtainable 
and can be cut, shaped and molded at the operating table, and the price is 
approximately one-tw’o-hundred-ninetieth that of tantalum The authors believe 
that this material should be given a thorough clinical trial 

DISCUSSION 

Dr Rudolph Jaeger The problem of cranioplasty would seem at first glance 
to be a rathei simple one There is a hole in the skull, and it is to be filled with 
something or other One w'ould think one could take bone from here or there, 
or almost any noncorrosive metal that is not irritating, and fill the opening wuth- 
out the need for profound thought on the matter 

It IS evident from a review of the surgical literature that cranioplasty must 
present a weighty problem in neurosurgical technic, because a great deal of 
thought has been applied to this procedure I have felt that perhaps one single 
material should not be used exclusively for such repairs The mental stability of 
the patient should be seriously considered when closing a defect m the skull An 
older person whose mental reactions are well established will tolerate mentally 
almost anv material one may wish to put into the skull With the more nervous 
type of person, particularly one who has a tendency to a neurosis, one must think 
twice before putting a material like metal into a defect m the skull, where it will 
always show' up in the roentgenogram Almost certainly the patient will learn 
that it is there, and he may react mentally against its presence I have felt that 
with this type of patient it is better to fill the defect with bone if it is possible 
Once in a v\hile the opening is so large one cannot find bone enough and must 
resort to metal or to Plexiglas 

Some years ago I started using stainless steel, soon after it was first advocated 
as a suturing material I have closed a number of skull defects with it since 
I have followed the patients for a number of years, and in no instance have I 
found any signs of irritation or tendency to extrusion of the plate I have used 
stainless steel many times in wiring the bone flap and m opening the wound for 
a second operation have seen the bright shining wire without any tissue irritation 

594 
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around it That is quite difterent from the reaction observed around a silver clip, 
where there is a blackened area of fibrosis, due to the oxidation and discoloration 
of the tissues 

I should like to mention 2 cases in which stainless steel was used for cranio- 
plastic closure which are of importance in illustrating the tolerance of the cranial 
tissues to this substance In the first case a large bone defect remained in the 
frontal part of the skull after the removal of a huge area of hj^perostosis and an 
underlying meningioma This was filled by a stainless steel plate, perforated manv 
times and measuring 13 by 11 cm Six 3 >^ears later there were no signs of irrita- 
tion from it, and the cosmetic result was excellent In the second case roentgeno- 
graphic examinations and observations were made at frequent intervals for seven 
years This steel plate was much smaller (2 inches [5 cm ] m diametei ) There 
has not been the least sign of irritation from it 

While I piefer closing defects of the skull with tibial grafts wherever possible 
I can see no reason that stainless steel is not fully as good as tantalum or othei 
metals for this purpose 

Dr Henry T Wycis I want to thank Dr Jaeger foi presenting these cases, 
because it gives one a little more confidence in knowing that one can leave these 
stainless steel plates in the skull for a long time without any untovvaid result 
It is of interest that no matter what is put in the skull, particularly in the 
epidural space, one can hardly escape getting a reaction around it It is evident 
that all these plates were surrounded by a capsule, even though wired in the epi- 
dural space , so the plate certainly reacts as a foreign body 


The Adult or Late Form of Amaurotic Idiocy Dr N W Winkelman 

An Irishman aged 25, with a history of convulsions from the age of 17, was 
brought to the hospital in status epilepticus He was confused and maniacal 
His temperature began to rise, and death occurred four days after his admission 
Pathologically no gross lesions were encountered Histopathologic examination 
disclosed cells typical of amaurotic idiocy (the so-called Schaffer cell process), 
in groups or singly, scattered throughout the entire cerebrum, but especially in 
the cornu ammonis and the subthalamic area In the few cases reported in the 
literature the cerebellum has been particularly involved, and the spinal cord to 
much lesser degree 

No well defined clinical syndrome can be given in view of tbe wide variability 
of the clinical pictures in the few cases reported 

The age of onset of the condition, the clinical picture, which does not fit into 
any of the three types previously described, and the presence of the ballooned-out 
cells of the Schaffer type, singly or m groups, throughout the entire nervous 
system, but especially in the cornu ammoms and the subthalamus, justifies the 
placing of this case into the most recent subdivision of amaurotic idiocy established 
bv Kufs and called by him the adult form of that disease 


DISCUSSION 

Dr Joseph Yaskin What areas showed the late pathologic changes? 

Dr George D Gammon What does autopsy show' m other organs m the 
bodj m these late cases of amaurotic idiocy? Has there been any infiltration of 
fat elsewhere, as in the liver or spleen? 

Dr Frederic H Leavitt I believe the infantile form is supposed to be more 
prevalent m certain types of people Is this condition looked on as a developmental 
c ect, a degeneration or a possible infectious state? 


Dr N \v Winkelman In answer to Dr Yaskin’s question as to the location 
of the process While it was widespread and irregular, it involved the cornu 
ammoms and the subthalamic area to a greater degree than the rest of the central 
nervous sjstem 

In answer to Dr Gammon’s question A complete study of the organs of the 
Doaj failed to disclose any unusual changes, although in Kufs second case a 
marked terminal disturbance of the lipid metabolism was observed in all organs 
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As to Dr Leavitt’s question, I want to stress that at no point was there even 
a suggestion of an inflammatory process It is likely that the process is a heredo- 
degenerative one, as Schaffer himself interpreted the condition It is to be 
emphasized that the first reports of Kufs described the same condition m a sistei 
and brother The twin brother of my patient, who died in infancy of a cerebral 
condition, may have had a similar condition Unfortunately, no autopsy was done 
From the report by Kufs, it is likely that these cases also belong to that group 
m which disorders of lipid metabolism have been found 


Robert A Groff, M D , Presiding 
Regular Meeting, Feb 22, 1946 

Vital Staining of Experimental Brain Abscesses Dr Philip P Golami 
(by invitation). Dr Henry A Sloviter (by invitation) and Dr Francis 
C Grant 

It has previously been demonstrated that when injected intravenoush basic 
dyes stain the intact brain, whereas acid dyes, such as trypan blue, do not stain the 
uninjured brain A number of workers have shown that when an acid dye is 
injected into an animal whose brain has been injured the dye tends to accumulate 
around the site of the lesion because of the local breakdown of the blood-brain 
barrier, whereas the remainder of the brain remains unstained 

In the present work, several azo and triarylmethyl dyes were synthesized and 
tested One of these, an acid monazo dye, gave good staining and had the necessary 
requirements of low toxicity, good color stability, solubility and ready elimination 
This new dye is the sodium salt of ^-bromobenzene-azo-2-naphthol-3, 6-disulfonic 
acid 

The technic used for the production of brain abscesses m dogs %\as essentially 
that of Markley (Proc Soc Expct Biol & Med 47 171, 1941) The best results 
were obtained by operation in the frontal region Two days after injection of 
bacteria, 01 Gm of dye per kilogram .xif body weight was injected mtrai enously 
as a solution in 5 per cent dextrose In most cases a second, similar, dose was 
administered after one or more days 

Postmortem examination of the brains of 26 dogs so treated reiealed the 
following conditions 1 In 13 brains acute abscesses developed, and 11 of these 
showed definite staining of the region surrounding the abscess The grossly 
necrotic brain and the brain with acute encephalitis showed staining, the pus in 
the abscesses did not seem stained 2 Six brains showed agar plugs with minimal 
reaction, and S of these were stained 3 In 3 brains ventriculitis developed and 
in all the ventricular walls were stained 4 In 4 brains meningitis developed, 
and no staining of pus or the leptomeninges was obtained In no case was staining 
of the uninjured portions of the brain observed Color photographs ot some of 
the brains containing stained abscesses were shown 

Since the dye described contains a bromine atom, it is possible that introduction 
of a radioactive isotope of bromine may make it useful as a radioactive tracer 
Further investigation of this possibility is now being made 

DISCUSSION 

Dr Francis C Grant The possible importance of the results that Dr Sloviter 
and Dr Goland have obtained lies in the possibility that these findings may 
facilitate the localization of a cerebral abscess The selective staining of an 
infectious process might greatly improve the chances of its accurate identification 
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after exposure of the suspected area Tlieie is much work j'et to be done, includ- 
ing of course the all-important first step of determining the toxicity o^ this 
material in man 

Dr Bernard J Alpers This is an interesting paper Theie is just one ques- 

tion that I should like to ask in i elation to this study It is known that if a 
Mtal dye is injected into the area of damage to the brain the dye is taken up 
microglia cells particulaily This has been shown in an effort to determine 
whether the microglia cells \\ere a part of the i eticuloendothelial system 

It seems to me that the injection in the brains repoited must be indicative of 
destruction of the brain tissue caused by the original experimental procedure and 
that it may have nothing to do with the process of the brain abscess itself 
I uoiider whether the authors have any observations on the tj^pe of cells that 
take up this dye If it is the microglia cells, these observations would have rela- 
tively little application to the human biain, for the infiltration around ceiebral 
abscesses is hematogenous 

Dr Philip P Goland We have been going over the sections w'lth Dr N W 
Winkelman and we have not as yet determined which type of cell takes up tlie 
dye We are going to make sections in which w'e do not use counterstains, such 
as hematoxjdin and eosin We are going to mount some sections unstained and 
see whether w^e can find particulate dye matter in them 

In connection wuth infections outside the brain theie have been some studies 
with djestuffs, and it has been showm that cells of the granulomatous reaction 
types Aviil hold certain vital dyes Macrophages and fibroblasts pick up these dyes, 
and the dye can be seen within these cells in granular form The macrophages 
have a greater power of storing vital dyestuffs, but these deposits are less per- 
manent than the more minute deposits in the fibroblast cells It is possible that 
m chronic abscesses of the brain the fibroblasts may pick up the dye and hold 
on to It for a long time 

Reversibility of Dilatation of Cerebral Ventricles Dr Henry A Shenkin 
and Dr Charles R Perryman 

Three cases were reported of internal hydrocephalus caused by an obstructing 
lesion in either the third or the fourth ventricle which had been studied ventriculo- 
grapliically before and after relief of the obstruction In every case the lateral 
ventricles were smaller after operation It is believed that ventricular size is 
reversible in many instances if the dilatation of the ventricles is due to an 
obstructive lesion and the obstruction has not been present too long 

DISCUSSION 

Dr Robert A Groff The data presented by Dr Shenkin are very interesting 
I was of the opinion that after relief of intracranial pressure, especially that 
resulting from tumors of the posterior fossa, the ventricles tend to return to a 
relatively normal size These studies seem to bear out this opinion, or at least to 
show' that the dilatation does not continue 

Two questions came to my mina during the presentation Were the fluid 
contents of the ventricular system compared in the two examinations made on 
each of the patients^ Why w'as a ventnculoencephalographic examination done 
3s the second procedure on 2 of the patients since it does not permit a true 
comparison > 

Dr Joseph C Yaskin I am not sure, Dr Groff, w'hether the findings in 
air studies can be regarded as conclusive proof of either the relative size of the 
ventricles or of cerebral atrophy I believe that it is open to doubt in this case 
<^'en though Dr Shenkin used accurate, comparable technics with respect to the 
amount of fluid w'lthdraivn and air introduced, the exposure, etc Moreover, a 
study of 3 cases, even though absolutely accurate, is not completely convincing as 

to reversibility 
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Dr Charles R Perr\man I am not sure ^\l^ether it was Northfield who 
in studies on cadavers pumped large amounts of air into the ventricles and was 
not able to demonstrate a sufficient cnange in the size of the ventricles to make 
distention a significant factor This, of course, was in the cadaver, and not in the 
living patient The neurophysiologic aspect is probably the most interesting, 
and we did not consider it in our discussion One wonders whether this enlarge- 
ment of the ventricles, if it is not due to atrophy, could be the result of decreased 
fluid volume in the brain In other words, is there less subarachnoid fluid and a 
smaller blood volume, or is some other factor responsible^ 

Dr Bernard J Alpers Is there any relationship between the duration of 
the hydrocephalus and the process of reversibility^ Is it more likely that there 
will be reversibility when the hydrocephalus is acute than when it is chronic? 
Also, IV hat IS the functional interpretation of decrease in the size of the ventricle? 
Decrease in size of the ventricle need not indicate that function of the brain will 
improve, for good cerebral function is not incompatible with hjdrocephalus It is 
seen with hydrocephalus of rather extreme degrees 

Dr H T Wvcis I merely wish to call Dr Shenkin’s attention to a report in 
1943 by Dr Jefferson Browder Dr Browder had shown a similar reversibility 
of dilatation of the cerebral ventricles following operation for subdural hematoma 

Dr Henr\ a Shenrin The duration of the symptoms in all 3 cases was 
short Onset preceded admission to the hospital by two to three months The 
tumors were all rapid growing 

In the second case, in which there was the least reduction in size of the ven- 
tricles, the postoperative air study was done three months after operation, whereas 
in the first case it was done fourteen months after operation Another factor 
which may explain the difference in the degree of return to normal ventricular 
size IS the age of the patient Our oldest patient, aged 38, showed less recovery 
than the other 2 patients, aged 8 and 18 years, respectively 

The fluid was measured in each instance, but usually the initial study was 
ventriculographic and the follow-up study vcntnculoencephalographic The amounts 
of fluid obtained, therefore, from the preoperative and the postoperative study were 
not comparable 

Enlargement of the ventricular system with normal intracranial pressure is 
not infrequently found after cranial trauma It has been suggested that this is 
due to focal cerebral edema at the time of the injury, which causes a tentorial 
pressure cone and resultant block of the aqueduct of Sylvius, leading to internal 
hydrocephalus The ventricles are said to remain enlarged even after the causative 
mechanism has disappeared 

Certainly, with the cases that we have shown tonight, this theoiv should be 
placed m some doubt, and other, more basic, changes in the cerebral hemispheres 
should be considered 

Effects of Denervation on Fasciculations in Human Muscle and Relation- 
ship Between Fibrillations and Fasciculations Dr Francis M Forster, 
Dr Bernard J Alpers and Dr Winslow J Borrowski (bv invitation) 

This article will appear in a future issue of the Archives 

discussion 

Dr Richard Maslard, Philadelphia It is important to emphasize the dis- 
tinction between fibrillation and fasciculation In fibrillation the individual muscle 
fibers contract independently In fasciculation there is a synchronized discharge of 
a group of muscle fibers There is every reason to behev e that this synchronization 
IS due to neural activity and represents the response of a motor unit to a nerve 
impulse 

It has been shown that in the case of the fascicular twitch which follows the 
administration of neostigmine there is a nerve impulse associated with the con- 
traction This impulse may arise either through antidromic musculoneural trans- 
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mission or by direct stimulation of the nerve ending sensitized by the drug 
(Eccles, J C , Katz, B, and Kuffler, S W / Neiirophysiol 5 211, 1942) When 
the nerve ending is stimulated, an antidromic impulse is set up, there is an axon 
reflex, and a motor unit discharge results 

There is a striking similarity bet.veen the “neostigmine twitch” and the fascicu- 
lation of anterior horn cell disease Both are inhibited by small doses of curare 
The experiments just concluded indicate that each arises at the nerve ending 
It is my belief that in each instance the fundamental element is an abnormal 
excitability of the nerve ending 

In attempting to explain the fact just demonstrated that although the disease 
IS in the anterior horn cell the twitcn arises at the nerve ending, it is important 
to bear in mind that the anterior horn cell includes not only the cell body but 
the peripheral nerve, which is its axon, and the nerve ending It is not remarkable, 
therefore, to discover that a disease which is demonstrated pathologically in the 
cell body within the spinal cord produces striking physiologic changes in the entire 
cell These manifest themselves as an alteration m excitability at one of the more 
highly specialized portions of the neuron — the nerve ending 

Dr Bernard J Alpers, Philadelphia I should like to say something m 
regard to the clinical significance of muscle fasciculations A sharp, cleancut dis- 
tinction must be drawn between the physiologic origin of fasciculations and then 
clinical significance Physiologically, it seems to be true that the fasciculations 
occur as a result of some mechanism taking place at the myoneural junction 
Dr Masland mentioned sensitization at the myoneural junction I should like 
to know what he means by sensitization, for it has been thought that fasciculations 
are fired off as a result of sensitization to acetylcholine All things considered, 
the evidence indicates that the physiologic mechanisms, whatever they are, take 
place at the myoneural junction, but one is still left with the clinical significance 
of fasciculations From this standpoint it seems still to be true that they are 
indicative of anterior horn cell disease We have made a number of observations 
on other patients with other conditions Fasciculations were found in a patient 
with severe disease of the cauda equina but not m another patient with a similar 
lesion They were also seen with seium neuritis and with ischemic neuritis In 
these conditions either there is associated anterior horn cell disease or the fascicu- 
lations may represent the result of retrograde changes in the anterior horn cell 
Fasciculations may occur in diseases other than those involving the anterior horn 
cell, but in my opinion many of the diseases which are reported as occurring with 
fasciculations -without involvement of the anterior horn are in fact found to be 
associated with anterior horn cell disease This is true of infectious polyneuritis, 
which is said to occur with fasciculations very frequently, as w'ell as of serum 
neuritis 

I should like to raise the question of the significance of fasciculations m acute 
peripheral nerve disease May these not be the result of associated anterior horn 
cell disease? 

Dr Richard Masland, Philadelphia In reply to Dr Alper’s question, Eccles 
las expressed the opinion that the increased irritability of the nerve ending observed 
'V U ”^°®^’Smine poisoning may be due to prolonged negativity In view of the 
s riking similarity between the twitch seen with such diseases as amyotrophic 
a era! sclerosis and the “neostigmine twutch,” it is not unreasonable to postulate 
tiat the same factor is responsible foi both 

Dr Frederic H Lewey, Philadelphia The question of fibrillations or 
lasciculations is important also from the clinical point of view' A review of the 
ext ooks shows It to be almost an axiom that “fibrillation” is characteristic of a 
esion of the anterior horn cell, in contrast to one of the peripheral nerve Oscil- 
lographic records show that the completely denervated muscle “fibrillates ” This 
the^°'^ clinically The first sign of beginning reinnervation of a muscle is 

“i jet synchronized, spread potentials, w'hich are now called 

a.cicu ations ’ They are visible clinically as what were formerlv called fibril- 
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lations No voluntary motion is poss ble at that stage The last stage of muscle 
reinnervation is characterized by the appearance of synchronized action potentials, 
1 e , spikes, accompanied with the return of voluntary movements This experience 
gained from patients with peripheral nerve injuries corresponds to the observations 
of the authors, with the restriction that in diseases such as spinal progressive 
muscular djstrophy some units may oe diseased and others still functioning well 
Dr Francis M Forster, Philadelphia Our use of the term anterior horn 
cell should be clarified, for by that term we refeired to the cell body and its 
nucleus, and not specifically to the axonal terminations The experimental data 
presented this evening indicate definitely that the impulses giving rise to fascicula- 
tions did not originate from the portions of the cells m the ventral horns of the 
spinal cord Fundamentally, I do not believe there is any real difference of 
opinion between ourselves and Dr Masland Our studies did not include patients 
with myopathies However, the myopathies are not always sharply delineated, and 
the occurrence of clinical or pathologic evidence of involvement of the cord with 
the mjopathies is by no means rare 


PHILADELPHIA PSYCHIATRIC SOCIETY 
O Spurgeon English, M D , President, in the Chair 

\ 

Regular Meeting, Nov 9, J94S 

The Thematic Apperception Test Its Value m Routine Psychiatric 
Practice Dr Herbert Freed, in collaboration with Dr W F Eccker 

The thematic apperception test is one of the projective technics Whereas the 
Rorschach test has perhaps been the one of this group of tests most utilized, 
the thematic apperception test has a distinct advantage when one wishes to 
determine the content of a psychiatric disturbance lather than its form For 
this reason it can be used to facilitate therapy, since it often gives an immediate 
insight into the psychodynamics of the personality 

The defects of the test were discussed, as well as its advantages, and 3 
cases were used as illustrations 

DISCUSSION 

Dr W F Eccker As a means of research, the patients were tested without the 
examiner’s being familiar with their case records, in order to find out how well 
the test can determine features of the personality under evaluation Usually the 
test IS earned out after some information about the patient is obtained, and the 
more one knows about the patient the more one can find out As a matter of 
fact, when the psychiatrist wants to find out anything specific about the patient, 
he indicates what he is seeking to the one administering the thematic apperception 
test 

Dr Gervld H J Pearson This test is a good supplement and complement 
to the Rorschach test I suppose most psychiatrists of my generation at least 
are somewhat skeptical about tests as means of evaluating personality This 
skepticism IS not entirely justified, as this test proves The diagnosis of the depth 
of the patient’s illness cannot be made fiom the Rorschach test, whereas an 
evaluation of the content of his conflicts can be made with the thematic appercep- 
tion test Thus one test complements the other 

This test IS useful in the diagnosis when time is limited, particularly in clinic 
work, or when a^, diagnosis has to be made rather quickly Some time ago I 
examined a number of children from an orphanage Orphanage children, 
particularly children who have been brought up from very early childhood in 
an institution, have a particular type of personality, which Anna Freud has 
described in her recent book, “Children Without Families ” They have made 
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a good superficial adjustment They get along well with other people, are 
bland, easy to manage, show little emotional reaction and say little about them- 
selves These children were all given a Rorschach and a thematic apperception 
test, and, as a result of the testing, it was found that a number \\ho were 
apparently getting along nicely were actually extremely sick These lesults 
show that if a rapid diagnosis is needed one can get a great deal of help from 
the thematic apperception test and the Rorschach test Dr Freed quoted Murray 
as saying that this test might be useful in psychotherapy Anything that will 
help m getting significant material about the patient early is undoubtedly of 
value Nevertheless, I see one or two dangers If a psychiatrist gives the 
thematic apperception test in the beginning of psychotherapy and gets certain 
impressions about the patient from the test, he may tend, unless he is careful, to 
force the patient to produce material in psychotherapy which will substantiate the 
results of the test Also, because he knows certain facts about the patient, he may 
tend to watch only for those facts and forget, or perhaps lose sight of, other 
intrapsychic currents of equal importance 

Dr Max Rossman, Allentown, Pa From the way in which the material was 
presented, I felt that the thematic apperception test is a psychiatric technical tool 
rather than a psychologic test, such as an intelligence test The thematic appercep- 
tion test can be interpreted from three aspects — the literary quality, the emotional 
evaluation and the themes From a diagnostic point of view, some avareness of 
the dynamics of the illness, of defense reactions and of emotional tone can be 
achieved by utilizing the thematic apperception test 

Dr H Craig Bell Could Dr Freed tell us something about the technic 
of giving the test’ 

Dr William Franklin Eccker To determine the intelligence from the 
thematic apperception test is not an accurate proceduie, but after the psychologist 
has given several thousand intelligence tests he can judge pretty well from the 
responses of the patient, from his handling of the vernacular and from his other 
behavior However, this is not so reliable a way of getting some measure of the 
intelligence as is a regular intelligence test 

As for a description of the test, there are 30 cards Ten cards are usually 
administered to men only, 10 to women only and 10 are given to both sexes 
More recent developments in the test also include cards that can be given to 
children It usually takes the patient about five minutes to make a story of 
two or three hundred words for one card, the entire test takes about an hour 
If the examiner goes too far over the hour, the patient becomes tired, and the 
responses are not so reliable Also, during the first hour the examiner gets 
acquainted with the patient After he once has the patient’s confidence, he can 
elicit much more material in the subsequent batch of 10 cards, Avhich part of the 
test IS carried out a few days later 

The cards are mostly of people Most of them are of characters with whom 
the patient can identify himself Some cards are of older persons, which the 
patient uses to identify with one or the other of his parents, and on other cards 
there are pictures w'hich he can identify with other persons around him 

With regard to Dr Rossman’s comment, the test is a new one It has not yet 
seen the development of the Rorschach test Dr Murray first published it in 1935, 
Md It has not been subjected to much research, nor has it yet been standardized 
The scoring procedure is not as complicated as that of the Rorschach test 

Dr Herbert Freed Something can be done in the w'ay of diagnosis We 
imted at it m the paper It will be found that one can often make a diagnosis 
o hysteria from the w’ay the patient words her stories Again, patients w'lth 
compulsive neuroses wull often not come to any one conclusion as to what the 
c aracter does, their indecision in telling the story may become diagnostic 
le same holds true wuth schizophrenia 

erhaps I am too optimistic, but I think that in the future w'C shall have a 
Cl ercnt type of diagnostic classification One w’lll not depend on a label 
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and say that this patient has schizophrenia but will say that he has certain dj'namic 
trends which underlie his illness I think this test will have a great deal more 
to offer in the future 

Psychiatry and the Public Mrs Edith M Stern, Washington, D C 

A layman would not presume to speak of psychiatrists’ relations with patients 
but would speak only of their relations to the public Although the relation of 
psychiatry to the public improved during the war, full popular confidence is still 
lacking Advertising and publicity differ from public relations , the latter is 
concerned with the creation of attitudes Unfortunately, few psychiatrists are 
public relations minded By default, quacks flourish and psychiatrists tend to 
be consulted only m extreme need, not casually, preventively, as are pediatricians 
and ophthalmologists Laymen, even m high places, mistrust psychiatric competence, 
and journalists tend to misrepresent things psychiatric 

There still exists a medieval hang-over m attitudes toward mental disorders, 
and psychiatry is viewed as new, vague and untested However, correction of 
much popular distrust is within the psychiatrist’s control, without sacrifice of 
professional dignity or integrity A few suggestions are offered When writing 
for laymen, it is advisable to avoid the chance of confusion either with professional 
polysyllables or with concessions to loose popular terminology Sensational 
journalists should not exploit psychoanalysis at the expense of neglecting many 
otlier, briefer, more popularly comprehensible technics of psychotherapy Court 
decisions evidencing psychologic ignorance, and, above all, press, stage and 
screen distortions of psychiatry and psychiatrists should be protested 

Public relations are a potent force, and psychiatrists are greatly needed, 
directly as physicians and indirectly as advisers, m all fields involving human 
behavior With this goal m view, the public’s confidence must be deliberately 
cultivated bv those concerned 

DISCUSSION 

Dr Frederick Allen I was privileged to read a brief extract of Mrs Stern’s 
discussion and felt that the subject was important for this group to have discussed 
It IS refreshing to get the reactions of lay people We psychiatrists need to know 
what others think of us It is clear that we do have a public responsibilitj to 
disseminate m a simple and direct way the knowledge of human nature that vve 
gam from our professional work We hav’e a responsibility to play a leading 
role m correcting ignorance and m creating a less prejudiced and more intelligent 
understanding of mental illness We should assume leadership in those educational 
progiams designed to help the people in our community to view mental illness with 
less fear and anxiety I deliberately say less, rather than no, fear, because we 
are Cohcerned with an area of professional practice dealing with problems in 
which the element of fear and anxiety is inherent There will always be 
anxiety aroused when persons need to consult a psychiatrist either about them- 
selves or about members of their family The very nature of the problems foi 
which they need help involves anxiety and fear When the step is taken with 
casualness, it frequently has little meaning It is not human to approach emotional 
problems without some feeling of fear being aroused But we can reduce through 
education and through sound clinical practice the amount of ignorance, the blind 
prejudice, that still exists about various types of emotional and mental dis- 
turbances This will apply particularly to cases in which it is necessary to place 
a patient in a hospital for the mentally ill 

We can do a great deal more than we have done to cieate a more enlightened 
attitude about the place and function of hospitals for mental disease Right here 
in Pennsylvania we are confronted with a very real need of conducting a broad 
educational program to bring about more adequate support for psvchiatric 
hospitals, m order to assist them to attain higher professional competence and 
to obtain broader clinical facilities for achieving it The institutions for the 
mentally ill are designed to heal, but many of these hospitals today are in no 
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position adequately to discharge this responsibility Too frequently they have 
become custodial places with relatively low professional standards The staffs 
of these hospitals are working under terrific handicaps, and they need our able 
and vigorous support to make them hospitals m fact, and not just in name 

I liked the point Mrs Stern made concerning the tendency of psychiatrists 
to become dogmatic in their public utterances We have all, like Mrs Stern, heard 
public statements by psychiatrists that make us squirm In the field of child 
psychiatry, the field with which I am most familiar, there has been a strong 
tendency in public presentation to stress the pathology of parenthood This has 
been emphasized so much in the innumerable articles written and speeches made 
that the impression has been created that parenthood m itself is something of 
a disease Emphasis has centered too much on what was wrong with parents 
and not enough on what they can do, and are doing, to make their relations 
with children a healthier one We need to stress more our interest in under- 
standing people as they are and in helping them gam from that basis a feeling 
of greater self respect and an increased capacity for responsibility We do not 
do this merely by pointing out and stressing all the mistakes that parents make 
It is this negative emphasis that we need to get away from Not long ago I 
heard a psychiatrist, m discussing the effect of fathers being away in military 
service, state that young boys in this generation are going to grow up to be 
abnormal because they have not had their fathers Such statements, it seems to 
me, are irresponsible and serve only to engender both antagonism toward psychiatry 
and fear of it 

Mrsj Stern’s presentation stresses the responsibility we have toward making 
psychiatry a more human and dignified professional field In the long run, that 
which will do the most toward achieving this end is sound clinical practice in 
our day to day work with our patients This m the long run will have much more 
influence than what we write in magazines or say on the public platform But 
if what we say and write can really spread and be based on sound clinical practice, 
then the lecture and the magazine article become important educational influences 

This more negative emphasis has had an unfortunate application in many recent 
articles w'liich have stressed the possible abnormalities of returning veterans Many 
people w'ere encouraged to feel that the returning soldier was going to return to 
his community with a curious abnormality and a bundle of complications This 
stirred up a great deal of unnecessary and false fear and anxiety This haS not 
been the psychiatrist’s fault only, in fact, many psychiatrists, recognizing this 
unfortunate tendency, have done a good deal to correct it and to set in motion 
and bring out a different kind of literature 

Psychiatrists w^ork m a field that seems to lend itself to a great many forms 
of quackery Again, this is not the fault of the psychiatrist alone, some of the 
newspapers and magazines aid and abet this tendency by publishing crazy 
ai tides that dramatize something in human nature As long as there are unbalanced 
people to w’rite such stuff, it seems possible, unfortunately, for them to find some 
one willing to publish it It is not always so easy or so attractive to dramatize 
the truth But wi-e need not be too much discouraged, for there probably will 
continue to be curious samples of psychiatry written about in the press or 
ramatized in moving pictures We cannot correct all this, but we can perform 
our own jobs in such a way that people will gam in time a more enlightened 
n titude To contrast attitudes of today with those of ten or tw^enty years ago 
can give us courage, for we have come a long way There is still much to be 
done, however 

There is just one comment of Mrs Stern’s w'lth w'hich I cannot agree — her 
'■e erencc to getting other professional people to do our w'ork for us, on the 
dsis of our not having time ourselves This is not a fair description of the 
"Jiportant contribution which the social w'orker has to make in this field I hai^e 
neier conceived of a social w'orker simplj’- as a person to wdiom one can turn 
^'cr a job, rather, I ha\e felt that the contribution of these workers comes when 
'c work W'lth them on a professional basis We can learn a great deal from the 
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trained social worker who has a keen sense of her professional job and of the areas 
in which she operates 

Dr Howard K Petr\, Harrisburg, Pa From the point of view of state 
hospital work, the psychiatric patient seems almost to be the forgotten man, the 
friendless man We psychiatrists have not interested the public in the problem 
of the mentally ill Laymen are still afraid of such persons They still do not 
want to meet or associate with them It is still pretty difficult to get even a 
board of trustees m a psychiatric hospital to go around and see the details of 
the situation for which they are actually responsible 

In the state hospital system, these conditions arise partly because we have 
moved inside a fence We have not lived w'lth the people of the community 
We have had our social life within the fence, and one of the hardest things in 
the average state hospital is to get the staff to become part of the community 
and to get the community to know them 

In our practical discussions we have not got dowm to the level of the Anglo- 
Saxon vocabulary in talking to the people I think psychiatric institutions have 
suffered, too, because they have had a bad background They grew"^ up from 
the poorhouse and have not been able to escape their ancestry 

I am convinced that as psychiatrists we must sell ourselv'es to our own profes- 
sion as an initial step We must get the psychiatrist into the general hospital 
and must make the public see that there is no sharp dividing line between mental 
and physical disease The younger members of the profession have had better 
training, but the older ones are still hard to approach on this problem 

Dr Arthur P Noves, Norristown, Pa I don’t know that I entirelj agree 
with Mrs Stern about protesting court decisions The remedy is probably one 
of education Perhaps it would be well if the law schools would send their 
students for a few w'eeks to the hospitals for mental diseases, just as the theological 
schools are beginning to send their students Nothing has contributed to a better 
understanding on the part of the clergy with respect to human motivations and 
mental hygiene than this procedure If the law students could receive training 
along the same lines, there would be a much better informed judiciarv 

Dr Harold Palmer We have needed to talk over some of these things, and 
we are grateful to kirs Stern for bringing up the subject for discussion I am 
tempted to say something in defense of the psychiatrists 

Not long ago a famous agency sent an article submitted to them by an author 
to several Philadelphia psychiatrists The latter read the article and pointed out 
that It was unsound, sensational and inaccurate, but the article was published 
without a single change There are a number of such occurrences 

I agree with Dr Allen that w'e ought to spend more time on the scare material 
that has been published on neuropsychiatry during this war I wonder how many 
of you saw the bulletin called, “A Thousand a Day,” w'hich carried the statement, 
“A thousand screwballs a day released from the armed services ” On the other 
hand, articles have appeared which counteract these destructive implications 
In an article which I have at hand it is stated that of 14,000 veterans who had 
returned to an industry which employed 130,000 people 29 per cent were neurotic 
dischargees Now in that group the job turn-over was less than the average for 
the plant The output of a third of these neuropsychiatric dischargees exceeded the 
average industrial productivity of the plant, and another third W'ere working at 
higher skills than they were before they went into the Army 

It may be recalled that 42 per cent of candidates coming up for induction 
were classified as neuropsychiatric Some interesting statistical work has been 
done on the actual percentage of neuropsychiatric cases m the services When the 
cases m military service were studied by the same standards as those in civilian 
life, it was found that the percentage of breakdowns w'as actually less when the 
same age groups were compared 

I want to thank Mrs Stern for throwung light on this matter We needed it 
very much 
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Dr Samuel B Hadden I am sure that many of you were thinking of the 
words of the immortal bard of Old Scotland 

“Oh wad some power the Riftie gte us 

To see oursel’s as otheis see us” 

We have had this opportunity The recent meetings conducted by the Philadelphia 
County Medical Society showed an average attendance of betw^een 400 and 500 
People are indeed interested m mental health, and if they do not get information 
from psychiatrists, they are going to get it from some other source 

The serious problem is with the civilians who did not get into the service 
They are by far the more pathetic group, not the returning psychoneurotic soldiers 
We have a contribution to make to better living, and our corrections might 
w'ell begin m the schools and carry on from first grade, both with the students 
and with the faculties The public is interested, and we might as well give 

them the information, rather than have them get it from some commercial group 
which will capitalize on it 

Dr A H Pierce If we are going to sell ourselves to members of the 
medical profession in general, we have got to do it in as straightforward Anglo- 
Saxon English as possible All have heard psychiatrists read papers at medical 
meetings which only mystified the average practitioner, yet it is perfectly possible 
to express one’s ideas in simple English 

After members of the medical profession have been sold on us m an undei- 
standing fashion, it will be easier to reach the public as a w'hole 

Miss S O’Hara, Harrisburg, Pa I am particularly interested in Mrs Stern’s 
emphasis on adequate public relations It happens to be one of my responsibilities 
as Secretary of the Pennsylvania Department of Welfare, to secure the under- 
standing and the good wull not only of the public generally but also of the 
officialdom of the state The construction of hospitals alone is not the answer 
to tlie problem of mental illness By that I mean that the public must realize the 
need for preventive methods I should like to keep patients out of hospitals 
for mental disease Members of the medical and the nursing professions and the 
public generally must become conscious of the need for diagnostic facilities and 
preventive psychiatric services in the average-sized community — for care on the 
part of the general practitioner m the early stages of mental illness 

The need for the services of the psychiatrist is the first which the patient or 
his family should be conscious of wanting The need for psychiatric hospitals 
should follow long after, and I congratulate this society in recognizing the fact 
and in bringing into this conference a layman like myself to discuss the methods 
of informing the public 

Mrs Edith M Stern, Washington, DC I welcome the improvements 
which have been made on my suggestions tonight I think that the idea of more 
psychiatric writing in popular magazines, instead of in your own journals, is 
excellent But it is not a question of writing about the sick mind, the angle 
s lould be that of mental health Also, I believe that it is an excellent idea to 
students go through hospitals for the mentally ill , that is wdiat good 
pub ic relations mean My suggestions do not stem from my owm opinion of 
psychiatrists , they represent the unfortunate opinions wffiich I have heard a 
'ariety of laymen express 

tl must not take the helpless attitude that the press is so terrible, 

la they cannot do anything about it They can It will not be done immediately , 
^ originally, if psychiatrists do not encourage the reputable writers, 
le atter w'lll dig their information out of the medical journals No doubt many 
unsound writers w’lll still do that I think that Dr Palmer’s suggestion is fine, 
0 lave a public relations committee to establish relations with various winters 
' 10 can be trusted and to whom psychiatrists can safely give their material 
o\crnment agencies, of course, cannot come right out and refuse to give 
n ormation to anybody, but they have subtle ways of withholding it from 
persons Psychiatrists can adopt the same policy about giving out or 
''ithholdmg their information 
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RESEARCH POSITIONS CREATED 

The Honorable S M R O’Hara, Secretary of Welfare of the Commonwealth 
of Pennsylvania, announces the establishment of twelve positions for research in 
psychiatry and related fields at the Western State^Psychiatric Institute and Clinic, 
Pittsburgh At the institute numerous clinical and teaching activities, the latter 
in collaboration with the University of Pittsburgh School of Medicine, have already 
been initiated 

The institute is the teaching and research hospital of the Pennsylvania mental 
hospital system, which includes twenty-one hospitals and institutions, w'lth an 
average of 40,000 patients Thus, access to much clinical material is assured 
Here, it is expected will be trained psychiatrists, social w'orkers, psychologists, 
nurses, occupational therapeutists and others for hospitals and private fields 

These new positions provide for the appointment bf properly qualified senior 
and junior research workers in psychiatry, internal medicine, biochemistry, neuro- 
pathology, neurophysiology and clinical psychology Several positions, as in 
psychology and neurophysiology, are currently filled 

In some instances research at the institute wull be coordinated -with teaching at 
the university, in such cases the applicant for appointment, and his qualifications, 
must meet also w'lth the approval of the dean of the school of medicine 

Interested persons may obtain further information by writing to the director 
of the institute, Grosvenor B Pearson, M D , O’Hara and DeSoto Streets 
Pittsburgh 13 

AMERICAN BOARD OF PSYCHIATRY AND NEUROLOGY, INC 

A meeting of the American Board of Psychiatr} and Neurologj, Inc, will be 
held in New York, Dec 16 and 17, 1946 Applications for examination should 
be completed and in the hands of the secretary by October 6 The December 
meeting is the last opportunity for the consideration of candidates w’ho desire 
certification on record 

Dr F J Braceland, 102-110 Second Avenue, SW, Rochester, Minn, is 
secretary-treasurer, and the executive offices of the board are at that address 

ASSOCIATION FOR RESEARCH IN NERVOUS AND MENTAL DISEASE 

The Association for Research in Nervous and Alental Disease w'lll meet jointly 
with the International League Against Epilepsy on December 13 and 14 at the 
Waldorf-Astoria Hotel in New' York The subject for discussion will be Epilepsv 
Correspondence may be addressed to Thomas E Bamford Jr, secretary. Association 
for Research in Nervous and Mental Disease, 115 East Eighty-Second Street, 
New York 28 


NINTH ANNUAL LOUIS GROSS MEMORIAL LECTURE 

The ninth annual Louis Gross Memorial Lecture wall be delivered under the 
auspices of the Montreal Clinical Society at the Jew'ish General Hospital, Montreal, 
on Wednesday, Oct 23, 1946, at 8 30 p m , by Dr Roy R Grinker, director of 
the Institute for Psychosomatic and Psj'chiatnc Research and Training of the 
Michael Reese Hospital, Chicago The subject wall be “Psjchiatric Objectnes 
of Our Time ’ 
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Experimental Hypertension By William Goldring, Richard J Bing, Eduardo 
Cruz Coke, W D Collings, L W Donaldson, M L Goldberg, Hariy 
Goldblatt, B Gomberg, Arthur Grollman, C A Johnson, Oliver Kamm, 
Luis F Leloir, H Minatoya, W G Moss, Eric Ogden, Irvine H Page, John 
W Remington, L A Sapirstem and G E Wakerlin Special Publications 
of the New York Academy of Sciences, R W Miner, Editor, Volume III 
Pp 180 New York, 1946 

The collection of papers gathered into this volume indicates that an under- 
standing of the mechanism of experimental renal hypertension is in the stage of 
apparently conflicting evidence and opposing views The papers are those pre- 
sented in February 1945 at a conference held by the Section of Biology, New 
York Academy of Sciences, on experimental hypertension and deal for the most 
part with the so-called renal hypertension experimentally produced They make 
little attempt to correlate the evidence but offer the data and opinions of investi- 
gators who have explored various phases of the problem 

The remn-angiotonin system — its production and chemistry and the character- 
istics of Its activity — is discussed, but “no conclusive proof [is] offered that it is 
in fact the cause of elevated blood pressure ” Dr Irvine H Page presents 

important support of the humoral pressor theory in demonstrating, on ear vessels 
of the perfused rabbit, a vasoconstrictor substance differing from angiotomn and 
present in the blood plasma of animals and man with hypertension But Grollman, 
and Ogden and his associates find facts which seemingly cannot be reconciled with 
the humoral pressor mechanism Grollman suggests that the operative procedure 
causes the absence of a substance normally produced by the kidney, and without 
w hich hypertension results , Ogden and his co-workers believe that in the production 
of chronic hypertension a neurogenic mechamsm is important 

Whatever the theory, the facts of renal metabolism in hypertension must be 
explained Raska (not mentioned in the list of authors) summarizes work on the 
oxidizing power and concentration of respiratory catalysts in the kidneys in renal 
hypertension, and Bing shows how the kidney in anaerobic states may produce 
pressor amines 

The work on renal antipressor extracts is difficult to corrolate, largely because 
depressor properties are found in various fractions and because different laboratories 
Meld such differing results “It is generally thought that the effect of these 
extracts is non-specific” An interesting action of Wakerlin’s extract in dogs is 
the protection of a small number of the animals from experimentally induced 
inpertension 

In short, the book presents vhat is known of experimental renal hypertension 
and indicates the direction of future investigation The" integrating effect of the 
conference which produced this book seemed much needed 

Motor Disorders in Nervous Diseases By Ernst Herz, M D , and Tracy J 
Putnam, M D Price S3 Pp 192 New York Kings Cross Press, 1*946 

. development in the use of moving picture films for educational purposes 
brought out a treatise appropriately entitled “Alotor Disorder in Ner\ous 
iseases, bj Drs Ernst Herz and Trac 5 '’ J Putnam 

J. composed of two parts, an “Atlas” in small textbook form and ten 

s The dcscriptne atlas intended for use in conjunction -with the films, consists 
some 180 pages and is, m a limited sense, a textbook The work consists soleh 
an anahsis of distuibances of pathologic conditions in the motor sphere The 
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book contains elaborate and instructive material, clearly presented, of use both to 
the student and to the physician The style, manner and form of presentation are 
such as to maintain the interest of the reader 

The films are finely executed The subject matter is profusely illustrated in 
the book itself by strips from the series of films 

While the text and illustrations are devoted especially to the presentation of 
purely clinical features of motor disorders, the associated implications of anatomic 
and pathologic conditions are presented both from an investigative physiologic 
and from a chemical viewpoint The relation between motor function and anatomic 
structure has been considered minutely m the elucidation of the clinical entities 
and elaborated in the book by means of drawings, both plain and animated 

In developing the vaiious presentations, the authors show the experienced 
teacher’s appreciation of the difficulties of the medical student in passing from 
the basic studies to his approach to the patient, and both the textbook and the films 
are an important aid in this part of the student’s experience 

The authors have called on experts in special fields of related subjects to aid 
in elucidation of some of the subjects requiring special explanation, as, for example, 
in their outline of the physiochemical aspects of neuromuscular transmission, in 
their discussion of the visual mechanism as related to neurology and in their pre- 
sentation of neuro-otology 

The following grouping gives an idea of the manner of presentation of the 
films The first division deals with “Involuntary Movements in Nervous Diseases ’’ 
The “Atlas” presents a study of the various types of deformities of movement, 
including athetosis, dystonic postures, chorea and myoclonus The book contains 
excellent descriptions and analyses of these conditions The film clearly demon- 
strates the descriptive material The second film deals with disorders of gait, 
the third, with disturbances in coordination One would have to study many text- 
books to gather the mfomation contained m the few pages on this subject The 
fourth film, on muscle status, is an excellent study in disorders resulting from 
gross and fine pathologic processes of muscle, clinical demonstrations are ample 
Of especial interest is discussion on neurophysiologic relations, including the 
reaction of acetylcholine The fifth film, on reflexes, deals with clinical demon- 
strations and pathologic interpretation of the important reflexes The sixth film, 
on skilled acts, consists in an analysis of incoordination, akinesia and abnormal 
involuntary movement, and the various types of motor pattern in eupraxia, apraxia, 
ideokinetic apraxia (Liepmann) and constructive apraxia (Kleist) In the seventh 
film, disorders of the ocular system are discussed in detail, with profuse illustra- 
tions The eighth film deals with facial palsy , the ninth, with disorders of the 
vestibular system The chapter in the book and the illustrative film constitute 
a complete study of disorders of the vestibular system , it gives methods of 
examination with minute elaboration of various tests associated with the pathology 
of this complicated mechanism In the tenth film disorders of the motor part of 
the trigeminal, spinal accessory and hypoglossal nerves are illustrated, with presen- 
tation of patients and animated pictures of the anatomy and descriptive pathology 
This valuable contribution to current medical literature should have a wide 
distribution as a teaching medium It will find a place in every institution for 
medical education 
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HISTOPATHOLOGY OF POLIOENCEPHALITIS HEMORRHAGICA 
SUPERIOR (WERNICKrS DISEASE) 

FRANK W. BAILEY, MD 
CHICAGO 

T he condition named polioencephalitis hemoi rhagica superior 
by Wernicke ^ was considered by him to be largely, yet not entirely, 
due to alcohol poisoning The symptoms are palsies of the ocular 
muscles, which finally lead to complete paralysis, reeling gait, vertigo, 
headache, nystagmus, optic neuritis, photophobia and disturbances of 
consciousness The last-mentioned symptom may be characterized by 
drowsiness either from the onset or as a teiminal state External 
ophthalmoplegia may occui in varying degrees and combinations 
Certain ocular muscles, such as the sphinctei of the ins and the levator 
palpebrae, are usually unaffected The pathologic process involves the 
origin of the upper cranial nerves but may extend to include the lower 
ones (polioencephalitis superior and mferioi), resulting in bulbar 
paralysis The disease follows an acute or a subacute course and usually 
ends in death in eight to fourteen days, but a more protracted course 
with ultimate recovery may occur All 3 of Wernicke’s original 
cases ended in death within a period of two weeks 


THEORIES OF CAUSE 


The mechanism by which the chronic damage to the nervous system 
b> alcoholism in this disease comes about is no longer considered to 
be directly traceable to the alcohol itself = Alcohol is not the unique 
cause, and its action m some instances may be secondary, yet the 
act remains that the clinical and pathologic changes m this condition 
accompany not a few cases of chronic alcoholism The trend of the 
explanation of the mechanism is away from the oldei assumption of 
a meet tox ic action on nerve tissue of alcohol itself and, rather, toward 
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a nutritional deficiency due to metabolic disturbances produced by 
the chronic ingestion of alcohol These disturbances are due to neglect 
of propel diet by the chronically alcoholic person , incomplete absorption 
of vitamins from food due to gastritis and intestinal changes produced 
by alcoholism, and a condition of increased vitamin requirement due 
to the high caloric effect of alcohol 

NATURE OF THE PROBLEM 

The puipose of this investigation was to determine the pathologic 
changes resulting from the metabolic disturbances produced by chionic 
alcoholic toxicosis, which develops after five to forty-five years of 
excessive alcoholism There are two chronic clinical conditions, namely, 
alcoholic polyneuritis and alcoholic psychosis, each of which has its 
own characteristic lesions 

The pathologic process in polyneuiitis is chaiacteiized by central 
and peripheral neuronitis, with swelling of ganglion cells predominantly 
in the motor and frontal cortex and the anterior horns of the spinal 
cord, followed by degeneration of the nerve fibers, particulail) of the 
myelin sheaths, in the peripheral and central nervous system This con- 
dition has been produced m animals by depriving them of thiamine and 
resembles the clinical condition of beriberi or pellagra 

The pathologic changes in alcoholic psychosis are charactei ized by 
small foci of degeneration and varicose deformity of vessels, proliferation 
of blood vessels and increase of the fixed cells of the vessel walls, 

I ^ 

subacute necrosis of the parenchyma and proliferation of the gha, with 
or without ring hemorrhages The changes occur predominantly in 
the basal portion of the diencephalon, midbrain and medulla and in 
the periaqueductal gray matter at the level of the oculomotor nuclei 
These lesions weie first described by Wernicke^ as polioencephalitis 
hemorrhagica superior and inferioi and later by Bumke and Kant ® 

There are two phases of the structural change of the latter condition 
to which further study and consideration may be given The first is 
Its interpretation in terms of known biochemical reactions, the other 
concerns the changes in the nerve cells and in the connective tissue 
of the brain, namely, the neuioghal elements 

MATERIAL 

The material used int this study consisted of central nervous tissue obtained 
from 5 cases, the specimens of which had accumulated in the Cajal laboratory of 
the Los Angeles General Hospital In each case there were a history of chronic 
alcoholism and the clinical symptoms and findings of Wernicke’s polioencephalitis 
hemorrhagica superior The clinical history and gross pathologic changes in the 
brain m each case are presented 

3 Bumke, O , and Kant, E , in Bumke, O , and Forster, O Handbuch der 
Neurologie, Berlin, Julius Springer, 1936, vol 13, p 852 
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Case 1 — A white woman aged 52 had fainted three months previous to her 
admission and had not been clear mentally since that time She was disoriented 
at times with regard to place and was said to have had convulsions on the day of 
•entry to the hospital The sister stated that the patient was chronically alcoholic 
Her pupils were equal but not regular and reacted sluggishly to light and in 
accommodation Her heart was regular and her lungs were clear All reflexes 
were absent, and there was marked degeneration of the fundal vessels of the retina 
Laborator} tests gave normal results Two wrecks after admission she died, with 
a temperature of 106 4 F , a pulse rate of 136 and a respiratory rate of 40 per 
•minute 

Gross examination of the brain at autopsy showed that the convolutions of the 
central region w^ere somewhat atrophied and the arachnoid somewhat thickened 
and opaque, indicating a slight chronic arachnoiditis with early cortical atrophy 
Repeated sections of the whole brain showed no gross alterations and no areas of 
liemorrhage or necrosis 

Case 2 — A white male laborer aged 50 was admitted to the hospital with 
swollen ankles, weakness and anorexia, which he had had for several weeks 
For five months his diet had been impoverished, and he had consumed at least 
2 quarts (2 liters) of muscatel wine daily His blood pressure was 85 systolic 
and 70 diastolic There were moist rales in both lungs Both ankles showed 
pitting edema The routine laboratory tests gave normal or negative results 
The electrocardiogram showed evidence of myocardial damage The patient died 
fourteen days after admission 

Examination of the brain showed gross cortical atrophy with widening of the 
•sulci The blood vessels were small, thin walled and hypoplastic 

Case 3 — A white w'oman aged 46 entered the hospital with a history of chronic 
•alcoholism and in a state of deep coma Her pupils were irregular and unequal, 
the left being larger than the right They were reactive to light There was 
ptosis of both lids, more pronounced on the left The left eyeball was fixed 
Both optic disks were normal There was slight weakness of the lower left side 
■of the face There w'as tremor of both hands and of the right leg The extremi- 
ties of the left side w^ere weak The deep reflexes were increased The Babinski 
reflex w,as present bilaterally The spinal fluid was slightly exanthochromic, and 
the Bandy reaction was 4 plus , a count showed 370 fresh red blood cells and 
4 white blood cells per low power field Her temperature ranged from 99 8 to 
101 0 F , and she remained comatose Twelve days after admission she died 

Gross examination of the brain showed no external markings Repeated sec- 
tions of the brain showed multiple small hemorrhages m the brain stem and 
periaqueductal region, wuth blood m the aqueduct There were small hemorrhagic 
spots in the thalamus, the cerebral peduncles and the subthalamus and one in the 
TOedial nucleus of the right thalamus 

Case 4 — A wdiite man aged 69 entered the hospital with a history of chronic 
a.lcoholism and hemiplegia on the right side, which had developed during the past 
3 ear After his admission he became confused and incontinent He was emaciated, 
his tongue was red He breathed rapidly and swallowed wuth difficult} 

lere w^ere rales at the base of both lungs His heart w'as enlarged to the left, 
^nd its rhythm w^as irregular, with extrasystoles His blood pressure W'as 95 s>s- 

1 C and 60 diastolic, and his heart rate was 102 The only neurologic finding 
was a bilateral Babmski reflex There w'ere no pupillary changes The laboratorj 
■tests all ga\e normal or negative results Eight days later the patient became 
•comalosc, fibrillary tw’itching developed, and he died 
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Examination of the brain showed grossly that the markings of the cortex were 
obliterated in both frontal poles, owing to edema of both frontal lobes 

Case S — A white man aged 31 was in a slightly disoriented state on admission 
He had been in fairly good health, except for occasional periods of drinking, until 
two weeks prior to admission, when anorexia and generalized malaise developed 
and lasted about two days Then he had a generalized convulsion, which was 
followed by severe headache, sleepiness and a temperature as high as 102 F 
Examination revealed that the patient was lethargic and acutely ill, with a tem- 
perature of 99 8 F , a pulse rate of 88, a respiration rate of 20 and a blood 
pressure of 124 systolic and 8S diastolic The right pupil was slightly larger than 
the left, and the visual fields demonstrated bitemporal constriction The Oppen- 
heim and Kernig signs were elicited The blood count and hemoglobin were 
normal The spinal fluid was clear and under a pressure of 300 mm, and the 
cell count was 400 lymphocytes per cubic millimeter The patient rapidly became 
worse and died on the third day after admission 

Examination of the brain showed grossly that the convolutions were slightly 
flattened and that there was a small amount of terminal subarachnoid hemorrhage 
of focal distribution, chiefly dorsolateral and frontal There was also softening of 
the anterior third of the left temporal lobe Sections of the hypothalamus showed 
continuation of this softening back to the insula and the lenticular nucleus There 
was also hemorrhagic extravasation into the tegmental portions of the midbrain 
and fusiform hippocampal gyn of the same side 

The superficial changes in the brains m these cases were not 
consistent However, within the brain stem of all 5 brains there was 
periaqueductal hemorrhage, which was apparent grossly in 2 of them 
The cause of death m all 5 cases was polioencephalitis hemorrhagica 
superior 

BIOCHEMICAL FACTORS 

The pathologic condition known as polioencephalitis hemorrhagica 
superior has been found associated wnth scurvy in nonalcoholic patients, 
as well as m alcoholic patients (Alexander and others '‘) In view of 
the fact that the ascorbic acid level m the blood plasma of patients 
with psychoses due to chronic alcoholism is consistently low', one might 
be led to the assumption that this disease is a cerebral form of scurvy 
However, further experimental work by the previously mentioned 
investigators demonstrated that in pigeons the disease could be produced 
by thiamine deficiency, particularly if the birds were fed a sufficient 
supply of one or more other vitamins, namely, vitamin A, riboflavin 
ascorbic acid and vitamin D, and that this disease could not be produced 
expenmentally by a deficiency in ascorbic acid Howevei, deficiency 
in ascorbic acid may play a role in the predisposition to the disease 
The conclusions reached by Alexandei and associates ^ were as follows 
The clinical symptoms of thiamine deficiency in the pigeon are specific 

4 Alexander, L , Pijoan, M , Schube, P G, and Moore, M Cevitamic Acid 
Content in Blood Plasma in Alcoholic Psychoses, Arch Neurol & Psychiat 
40 58 (July) 1938 
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ioi beriberi, e g , ataxia, con\ ubioiis and local paresis , 'the total solids 
of the brain aie decreased and the water content is correspondingly 
increased, the mineral skeleton of the nerve tissue, in contrast to 
similar conditions of other causes, remains unaltered and may be 
responsible for the reversibility of the process, the lesions of polio- 
encephalitis hemorrhagica superior can be produced in pigeons lacking 
thiamine, especially if they receive other vitamin complexes, such as 
^ itamin A, riboflavin, ascorbic acid and vitamin D , polioencephalitis 
hemorrhagica superior cannot be produced by deficiency of ascorbic acid 
and the administration of vitamin A, riboflavin and vitamin D in cases 
of thiamine deficiency delays the onset of beiiberi and prolongs the 
couise of the disease once it is established 

Beriberi is characterized clinically by degeneratne changes m the 
nervous system, including polyneuritis, which may exist alone but 
which is often accompanied by generalized edema and serous effusions 
and by a tendency to the development of cardiac hypertrophy, which 
frequently results m cardiac failure and sudden death 

HISTOPATHOLOGIC STUDY 

The 5 brains which were studied in this investigation were fixed in solution of 
lormaldehyde U S P (1 4) The brain stem in each case was separated from 
the cerebral hemispheres, and transverse sections were cut through the midbrain, 
l>ons and medulla Transverse sections from each of these brain stems were 
treated with the following staining procedures hematoxylin and eosin, for the 
ijeneral histologic changes, the Cajal reduced silver method, for changes in neurons 
and neurofibrils, the Cajal gold chloride-mercury bichloride (“gold-sublimate”) 
method, for changes in the astrocytes, and the Penfield combined method, for 
changes in the oligodendroglia and microglia 

General Histopathologic Changes — Examination of microscopic 
sections of the brain stems stained with hematoxylin and eosin showed 
that the histopathologic changes in all 5 cases were confined largely, 
but not entirely, to the periventricular gray matter of the midbrain and 
the pons, i e , throughout the hypothalamus, the mammillary bodies, the 
, medial parts of the thalamus on each side, the infeiior colliculi and, to 
some extent, the floor of the fourth ventricle Throughout the midbrain 
and below the aqueduct of Sylvius in the pons were areas where the 
parenchyma was more or less loosely arranged and was undergoing 
subacute necrosis and where the capillar}' blood vessels appeared to 
^0 increased in size and in number 

The walls of the capillaries showed prohfeiation of their endothelial 
cells and^ of the cells in the surrounding elastic and fibrous layers The 

langes in the walls of the capillaries appeared to be due to this prolifera- 
tion (fig 1 /I and B) The perivascular spaces were enlarged in general 
m the areas affected 
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In the localities of these paienchymal and vascular changes there 
were aieas of old and fresh hemonhage, which might be either extensive 
or rather small and which were perivascular Old hemorrhage was 
usually indicated by the presence of pigment in the cells within the 
vicinity of the hemorrhage and m the perivascular spaces The destruc- 



Fig 1 — A, proliferation of the endothelial cells of the capillaries , B, loosely 
arranged capillary endothelium and pigmentary infiltration of nerve cells, C, 
extravasation of blood between endothelial cells of capillary X 315 

tioii of tissue might be so great as to obliterate the capillaries In the 
areas of fresh hemonhage the endothelial cells of the capillary vessels 
were loosely arranged (fig 15) The blood cells of the exudates were 
scattered between the endothelial cells through the perivascular spaces 
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and into the surrounding tissue (fig 1C) These hemorihages were 
sometimes limited to the area about a capillary or sometimes so extensive 
as to cover an area approximately 1 to 10 mm m diameter 

Focal areas of necrosis m the parenchyma varying m size fiom 1 
mm to several millimeters in diameter were also observed Other aieas 
weie small and punctate, being only a fraction of a millimeter m diameter 
and scattered throughout a given area There was no evidence of leu- 
kocytic infiltration except m case 3, as desciibed hereafter 

Sections through the cortex showed no definite alterations in the 
cell arrangement or structure in any of the 5 cases studied and levealed 
changes in the leptomeninges m onty 1 case In the first case, the 
peiivascular and pericellular spaces weie enlarged The leptomeninges 
showed chronic thickening and fibiosis There were a marked degree 
of softening m the tissue beneath the pia mater, an mciease m the 
endothelial cells of blood vessels m this legion and extravasation of 
blood 

Special mention should be made of changes which were not 
characteristic of all the cases studied In the second case small focal 
hemorrhages occurred m the medial nuclei of the thalamus in addition 
to the changes previously described A section from the pons m the 
third case showed considerable leukocytic infiltration into the subarach- 
noid spaces and into the perivascular spaces A veiy large area of 
hemorrhagic necrosis involved almost half of one side of the section In 
the fifth case theie were a number of small areas of hemorrhagic soften- 
ing on one side m the pontile region 

Histopathologic Changes in Newons and Axons — Examination of 
micioscopic sections of the midbram and pons stained by the Cajal 
reduced silver method showed m all 5 cases focal neuional degeneration 
within aieas, or within the neighborhood of areas, of hemorrhage and 
necrosis 


Within the sections fiom these regions of the brain stem were to 
he seen nerve cells fai removed from the areas of hemorrhage and 
necrosis in which there was infiltration of dark brown pigment through- 
out the cytoplasm of the cells The pigment was of hematogenous 
cliaiacter, originating from the disintegration of blood cells It had 
probably been carried into the nerve cells in finely divided state during 
the piocess uf absorption and was then condensed into granules vithin 
fie cytoplasm (fig 2 A) These cells had not undergone any appaient 
degeneration 


'"^t the peniDhery of other areas of hemorrhage and necrosis ner\e 
eells had undergone acute swelling oi chiomatolysis some of which 
''ere m the more advanced stage of acute degeneration Some of these 
^e s also showed pigmentary mfiltiation (fig 2B) \Vhere acute 
'^integration had taken place, the axons and dendrites had disintegrated 
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to a greater or less degree, and only fragments or granules of argento- 
philic material were visible (fig 3 C) 

Characteristic changes in the neurofibrillar apparatus, such as coarse 
and fine granulation, could also be discerned These changes occurred 
m neurons at the margins of and within areas in which necrosis was 



Fig 2 /i, pigmentaty infiltration, B, acute degeneration, and C, advanced 

degeneration, of nerve cells x 358 


beginning or was under way The cell in the early stage of change was 
not swollen, and its cytoplasm was filled with round, coarse, darkly 
stained granules In later stages the cell might be slightly swollen, the 
cytoplasm was characterized by loss of detail and the nucleus might 
be slightly triangular The cytoplasm of these cells contained fine 
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round granules in various groupings. In some cells the granules were 
collected in the center and the periphery was a clear zone (the hirudiform 
alteration of Cajal). In other cells there were fine granulations, with 
less seriously damaged fibrils along one border of the cell Other cells 





C necroses (X 300), B, fusion of necrotized spaces (x 300) 

c, complete destrucUon of neuronal elements (x 74) 


s owed coarse and fusiform degeneration of neurofibnls (fig. 2C) 
le extreme change in these cells consisted of an almost clear cytoplasm 
a nucleus m the last stage of disintegration and vety^ fine, 
kly stained granules, which were irregularly and unevenly distributed 
Jiis senes of changes m the nert^ cells is known as hyalmization 


1 
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In addition to the hemorrhagic areas and areas of widespiead 
necrosis, there were areas of punctate necrosis at various levels of the 
midbrain and pons Many of these punctate areas were fai removed 
from any hemorrhage and appeared in tissue in which the neighboring 
nerve cells had not undergone any degenerative changes Each of these 
punctate spots of necrosis was surrounded with a ring of nerve fibers 
in which the silver stain had become much reduced In some of these 
spots the center was deeply stained as well , in others the center contained 
shreds or strands of nerve fibers which were stained less deeply and 
formed a fenestra with a lattice-like arrangement of fibers (fig 3 A) 
These punctate spots of necrosis vere observed also m the hematoxylm- 
eosm preparations 

In some other areas of multiple punctate necrosis the neciotized spaces 
had retained their dark brown borders In othei areas the borders of these 
spaces had more or less broken down, so that they communicated with 
each other Fine strands of nerve fibers, which had been spared from 
destruction, formed a delicate lattice work within these enclosures 
There was also widespread acute disintegration of nerve cells m the 
surrounding areas (fig 3 B) 

In areas where complete destruction of all neuronal elements had 
occurred as a result of necrosis there was scattered a fine, darkly stained 
mateiial, irregular m size and shape (fig 3 C) Many of these areas 
were far removed from any site of hemorrhage and might or might 
not have punctate areas of necrosis within or near them 

Acute svelhng and hyahnization of nerve cells aie indicative of 
interference with the chemical processes in the tissue because of 
undernourishment and lack of oxygen supply The mechanism under- 
l)ung this process may be based either on an ischemia or a toxemia 

Histopathologic Changes in Nemoglia — It was of particular interest 
to determine the nature of the reaction of the neuiogha m this study, 
as to my knowledge the reaction of the three neuroglial elements to the 
changes which take place m polioencephalitis hemorrhagica supeiior have 
not been reported fully The reactions of the neuroglia to laceration and 
to mechanical injury have been studied extensively, both in animals and 
human beings ® There are other destructive processes, ho^^ evei , which 
take place in brain tissue resulting in legressive changes, which 
may be chionic or acute The changes which had taken place in the 
tissues of these brains were evidently acute, resulting m focal necrosis, 
and were apparently the culmination of long-standing or chronic 
metabolic disturbances 

5 del Rio-Hortega, P , in Penfield^ W Cytology and Cellular Pathology 
of the Nervous Sjstem, New York, Paul B Hoeber, Inc, 1932, vol 2 Rand, 
C W, and Courville, C G Histologic Studies of the Brain in Cases of Fatal 
Injury to the Head, Arch Neurol & Psvchiat 27 1342 (June) 1932 
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Astiocytes The changes in the astrocytes ^^ere proliferative, 
degenerative and, to some degree, transformative Prohfeiation of 
these neuroglial cells was prominent in certain areas, not necessarily 
around an area wheie tissue destruction was acute (fig 4 A) It is 



Fig 4 — A, localized gliosis in area of necrosis, B, astrocytes undergoing 
degenerative changes X 292 

indicative of stimulation by an irritative substance or by depiivation of 
blood supply ° The type of degeneiation was that of acute destruction 

6 (a) Platt, B S , and Lu, G D Chemical and Clinical Findings in Beriberi 
vith Special Reference to Vitamin Bi Deficiency, Quart J Med 5 353, 1936 

(&) Riggs, H E , and Boles, R S Wernicke’s Disease, Quart T Stud on Alcohol 
5 361, 1944 
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The astrocytes in the midst of this acute destiuctive piocess weie 
undergoing immediate and complete necrosis and clasmatodendrosis 
At the periphery of such an area some of the astrocytes could be 
seen undergoing transformation (fig 5 A and B) Many fibrous 
astiocytes were observed heie, but occasionally astiocytes of the proto- 
plasmic type could be seen forming neuroglial fibrillae Transformation 
has been observed in degenerated aieas following asph)^xia ' 



Fig 5 — Pathologic changes observed in astrocytes A, changes leading to for- 
mation of a pilonidal astrocyte, B and C, clasmatodendrosis of astrocyte, D, 
hjalinized, swollen astrocyte, or gcinastctc Zelle 

The astroc}tes undei going degeneiative change were to be seen 
m the midst of the area of acute destruction which had undergone 
complete necrosis The cell bodies not only had lost their processes but 
were fragmented and disintegrated Astrocytes which had been killed 
but not destroyed had undergone a slower process of disintegration, 
namely, clasmatodendrosis (fig 5 C) The cells had lost their processes 

7 Courville, C B Asphjxia as a Consequence of Nitrous Oxide Anesthesia, 
Jifedicine 15 129, 1936 
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l)y fragmentation, and the fragments had become granules In some 
cells the cytoplasm contained granules, in others there were vacuoles, 
and 111 others there were both No nuclei could be identified The loss 
of the cell processes and the changes m the cytoplasm gave the cell an 
ameboid appearance, and this form has been teimed the swollen 



qhosi^ X 385* astrocjtcs and sucker feet, B, perivascular oligodendro- 


astroc}te, or gciiiastcfe Zellc It lesembles the ameboid stage of the 
microgha cell (figs 4 5 and 5 D) The latter, however, has a definite 
nuclear structure within it 

The dcgcnei.itne changes of the astrocytes weie indicative of the 
rapidity and nature of the destructive processes Cells w^hich had 
undcigoiie complete necrosis weic indicative of areas of acute destruction. 
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wheieas cells which were undei going clasmatodendrosis were indicative 
of areas of slower destruction 

In other areas of these sections of the brain stem where the tissue 
was more normal, protoplasmic astrocytes could be seen Some of these 
cells possessed long processes, the suckei feet, which extended to and 
vere attached to blood vessels (fig 6 A) 

Ohgodendrogha The changes in the oligodendrogha m response 
to the pathologic processes m this condition were chiefly those of 
acute swelling and of ohgodendroghosis (multiplication of cells) to 
a slight degree These changes could be seen m areas undei going 
partial or complete necrosis 

The phenomenon of acute swelling was characterized by marked 
enlargement of the cell, due to an accumulation of fluid within its 
cytoplasm in the form of vacuoles , the loss of cell processes, and nuclear 
p}knosis, the nucleus becoming cential or eccentric m position Acute 
swelling of the ohgodendrogha cells was quite prevalent throughout the 
necrotic areas m the fii st and second cases, with coma of fourteen weeks 
and t\\elve da 3 '^s respectively before death, and, to a lesser extent, in 
the tissues m the other cases Cell bodies undergoing hypertrophy, with 
increase of protoplasm and loss of cell processes piehminary to swelling, 
could be identified m both mildly necrotic and completely necrotic areas 
Aieas of moderate and complete necrosis contained cell bodies under- 
' going progressive hydropic swelling The cell membrane appeared 
distended with clear fluid, through which extended strands of cytoplasm, 
vhile cytoplasmic granules were observed at the periphery In some 
cells only granular fragments indicated where the strands were (fig 7) 
The nuclear material m a large number of the cells was divided to form 
two, thiee and four masses The processes extending from the cells 
Avere fragmented and m some instances had disappeared Acute sw^elling 
has been observed before m pathologic conditions which have a toxic 
influence on the brain and appears to be an invariable accompaniment ® 

In the first case there were tissues which contained areas undergoing 
partial necrosis m which penvasculai ohgodendroghosis could be 
identified, appearing as concenti atioiis of cells grouped about blood 
vessels (fig 6 5) This phenomenon did not occur m all areas of 
partial oi complete necrosis It is of interest to note that the first 
patient had been m a semicomatose state for three and a half months 
prior to her death In the other cases studied the patients passed through 
periods of coma of much shorter duration It is of significance that 
the phenomenon of perivascular ohgodendroghosis occurred only in this 
case of long-standing toxic state It has been observed before in a 

8 (a) von Meduna, L Beitrage zur Histopathologie der Mikroglia, Arch f 
Psychiat 82 123, 1927 (h) Penfield, W Cytology and Cellular Pathology of 

the Nervous System, New York, Paul B Hoeber, Inc , 1932, vol 2, p 465 
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variety of conditioiiSj particulsrly in toxic cnccplis-litis of childhood, 
and IS thought to be the result of long-continued edema or toxic state 
Microglia The microglial cells appeal to be scattered at ran- 
dom in the nerve tissue, hut theie are other cells which are located 
near nerve cells (neuronal satellites), blood vessels (vascular satellites) 
and astrocytes (neuroglial satellites) The first two structures were 
identified m the tissues studied The third was not identified The 
microglial cells actively intervene in all inflammatory and necrotizing 



I'lg 7 ^Acute swelling of ohgodendroglia, showing the various stages from 
^rliest swelling to destruction of the cell A, early stage of hypertrophy, B and 
C, stages in swelling of the cell, D, cell dnision, E, destruction of cell, F, nucleus 
left after destruction of cell 

processes in nei\e tissue As a lesult of their motility and function as 
niacrojihagcs, the} undergo thiee types of change acute swelling, 
formation of rod cells and formation of compound granular cprpuscles 
Examination of the tissues stained with the Penfield combined method 
diow ed normal mici oglial cells in the normal areas In the areas of rapid 
dcgeneiation, as in the areas of focal necrosis, normal microglia cells 
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were observed at the edge of, and occasionally within, the necrotic focus 
Evidently, the pathologic change that occurred in such areas took place 
so rapidly that the microglia m these areas had not had enough time 
to undergo change The microglia cells, including the neuronal and 
vascular satellite cells within the areas of focal necrosis, passive conges- 
tion and fresh hemorihage, showed no pathologic changes oi reactions 

In areas of ischemia and early to advanced generalized necrosis, 
acute swelling of microglia and formation of rod cells to some extent 
weie observed 

Acute swelling is the first visible change in the micioglia cell in 
any destructive lesion of nerve tissue and consists m an increase in 
volume, affecting first the cell processes and then the body The 
piocesses of the microglial cells observed became transformed into 
thicker processes, which lost their spines and tended to become knotty 
and to form vacuoles A later stage was observed in which the dendrites 
were still shorter and thicker and the cell body more swollen Microglial 
cells undergoing acute swelling were numerous in areas of ischemia 
and early necrosis (fig SA) 

There could be seen also the occasional* microglial cell which was 
becoming elongated to foim a rod cell The processes at the sides of the 
cell body were undergoing retraction and disintegration, while the pro- 
cesses fioni the opposite poles were preserved These rod cells were 
seen within or at the periphery of areas of ischemia and early necrosis 

Acute swelling of micioghal cells and formation of lod cells have 
been stated by some investigators to be produced by endogenous intoxica- 
tion or by acute infection However, previous destruction of the 
nerve structures is required for these reactions on the part of the 
microglia, and such a condition has been observed m very acute intoxi- 
cations The acute swelling of the microglia cells m these cases of polio- 
encephalitis hemorrhagica superior is anothei instance of their response 
to an acute intoxication, accompanied with destiuction of neive tissue 
The toxins produced are of endogenous origin In exogenous intoxica- 
tions no changes m the inici ogha have been observed ® 

In areas of advanced necrosis and hemorrhagic areas of some duration 
the formation of compound granular corpuscles and their phagocytic 
action could be observed (fig SB) The transformation of micioghal 
cells into compound granular corpuscles consists in a series of changes 
First, there is an increase in the cytoplasm of the cell, followed by 
enlargement with shortening and swelling of the expansions The 
cell body becomes vacuolated, some of its expansions drop off, and 

9 de Villaverde, J M Lesions du cervelet dans I’mtoxication par le plomb, 
Trav du lab de recherches biol de I’Univ de Madrid 25 41, 1927 von Meduna 
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it assumes an ameboid appearance, with shoit blunt processes The cell 
finally assumes a globular shape, after it has ingested debris formed as 
a result of tissue destruction, to form the compound gianular corpuscle 
These various stages were present in the hemorrhagic areas with necrosis 
and m the areas of advanced necrosis m the tissues which were studied 



riC 8 A, microglial cells undergoing acute swelling, B, compound granular 
corpuscles containing phagoc\ tosed material X 256 

(figs 8/? and 9) In areas where there was hemorrhage but no neciosis 
no microglial changes were eMdent It was obser\ed, how'eter, that 
the niiciogbal cells within or close to the area of destruction were the 
fii‘'t to undeigo transformation and become phagoc\tic 
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Careful study of all the areas of. destroyed tissue showed no actual 
migration of compound granular corpuscles into them In these areas 
there was an increase m the number of the phagocytic eclls, but it 
was apparently due to the transformation of the microglial cells already 
there, for it was obvious that no normal microglial cells \vere present 
(fig 8B) Instead of the normal microglial cells, the various stages 



Fig 9 — Changes in the microglia cell during its phagocytic activity A, cell 
with rough long processes, B, cell with enlarged cell body and smooth, short 
processes, C, hypertrophic cell with pseudopodia, D, ameboid form, E, ameboid 
form containing granules of ingested material, F, globular form containing phago- 
cjdosed erythrocytes, G, compound granular corpuscle, H, corpuscle dividing 

of these cells could be seen, such as the acutely swollen cell with 
pseudopodia, the ameboid cell and the globose cell (the compound 
giantilai corpuscle) vith ingested debris and blood cells Mitotic 


I 
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diMsion of some of these cells could be observed occasionally, and 
increase in the number of these phagocytic cells in a given area was 
evidently also based on division of these cells 

In the destroyed or degenerated areas of the brain studied the com- 
pound granular corpuscles could be seen m the process of phagocytosmg 
red blood cells and the degenerated products of necrosis In old 
hemorrhagic areas a very small number of these ameboid cells were 
observed to have erythrocytes within them Such cells were located 
within areas where there were small capillary hemorihages with capillary 
budding In the areas of massive hemorrhage no phagocytosis was 
observed It appears that the hemorrhage was of such a sudden and 
extensive nature that the miciogha had not had time to assume the 
phagocytic function 

The macrophagic function of the miciogha evidently takes place 
slowly, by its metamorphosis, to form compound granulai coipuscles 
This neuroglial element undeigoes modification during intense inflam- 
matory conditions, during local disintegration of nerve tissue and 
apparently where there is hemorrhage of the exudative type of some 
duration 


PAIHOLOGIC MECHANISM OF PRODUCTION OF LESIONS 

The reactions of the various cellular elements are indicative of 
1 espouses to the stimuli from toxic substances, from focal necrosis and 
fiom local hemoirhage which are produced by chemical changes m the 
tissues 

In view of the fact that thiamine deficiency contributes to polio- 
encephalitis hemorrhagica superioi, even when other vitamins are fed, 
the chemical factors which underlie this condition aie to be considered 
Funk^'' suggested that thiamine has some lole in the metabolic trans- 
formation of carbohydrate in the animal body Further studies indicated 
that a high carbohydrate diet is much more efifective m producing the 
symptoms of thiamine deficiency than one high m fat Westenbrmk 
suggested that during carbohydrate and fat metabolism thiamine is 
used at the same rate but when carbohydrate alone is metabolized a 
toxic metabolite arises which in the absence of the vitamin is not removed 
and vhich induces Wernicke’s syndrome 

Lactic acid is a normal intermediate metabolite, which, in turn, 
pioduces pyruMC acid in the metabolic breakdown of glucose Pyruvic 
acid IS broken down by oxidative processes Investigations have shovn 

10 Funk, C Studicn uber Benben II Die Rolle der Vitainine beim Koblen- 
In dntc;tofT\\ ecbscl, Ztscbr f pbjsiol Chcm 89 378, 1914 

1 1 Westenbnnk, H G K Ueber den Emflusz der Menge und dcr Zusamnicn- 
‘^tcllung der Xahrung auf die Folgen \on Vitamin-Bi Mangel, Arch necrl de 
pluMol 19 94, 1934 
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that associated with thiamine deficiency there is an accumulation of 
pyruvic acid m the blood which is proportional to the deficiency It 
can be reduced to normal by feeding thiamine (Platt and Thompson 
On the basis of these results, it is contended that thiamine brings about 
the oxidation of pyruvic acid and facilitates the absorption of oxygen 
by the tissues The fasting level of pyruvate m the blood is invariably 
elevated m cases of thiamine deficiency, and after it is supplied the 
fasting level of blood pyruvate rapidl)'’ returns to normal There is 
clinical improvement also 

It IS evident that m the state of chiomc alcoholism, m which there 
are a deficiency of food intake and a disturbance of nutrition, thiamine 
deficiency occurs This deficiency causes a faulty carbohydrate metabo- 
lism, with decrease m the amount of oxygen supplied to the tissues The 
deficiency of oxygen and the accumulation of pyruvic acid produce 
anoxia and necrosis m the tissues As a lesult of anoxia, the walls 
of capillaries become hypotonic The endothelial cells proliferate, which 
IS the result of an attempt at capillary budding The attempt is soon 
aborted, the cells grow irregularly, instead of in the form of capillaries, 
and the walls become weak and varicose The parenchyma of the 
hi am tissue takes on a loose appearance, for the reason that the cells 
are unable to secure enough oxygen so that they can develop from 
carbohydrate sufficient energy to perform their various and specialized 
functions 

The moie advanced states of focal necrosis, hemorihage into the 
perivascular spaces and ruptuie of capillaries, are a result of further 
and prolonged interfeience with the normal function of the cells m 
the tissues and capillaries The effect of the anoxia and the toxic 
metabolites, together with the inability of the cells to derive sufficient 
energy from carbohydrate metabolism, is to decompose and interfere 
with the production of the intercellulai substance of tissues m general 
The result is that the endothelial layer and the collagenous fibers which 
ensheath the capillaries become weakened and allow extravasations of 
blood and areas of degeneration and focal necrosis to develop m the 
parenchyma 

12 Peters, R A The Biochemical Lesion in Vitamin Bi Deficiency, Lancet 
1 1161, 1936 

13 Thompson, R H S , and Johnson, R E Blood Pyruvate in Vitamin Bi 
Deficiency, Biochem J 29 694, 1935 

14 Jolhffe, N , Wortis, H , and Fein, H D The Wernicke Syndrome, Arch 
Neurol & Psvchiat 46 569 (Oct ) 1941 Wortis, H , Bueding, E , Stem, M H , 
and Jolhffe, N Pyruvic Acid Studies in the Wernicke Syndrome, ibid 47 215 
(Feb) 1942 
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SUMMARY AND CONCLUSIONS 

1 The histopathologic processes underlying polioencephalitis hemor- 
rhagica superior (Wernicke syndrome) are confined to the periventricular 
gray matter of the midbram and pons, as well as the thalamus and the 
hypothalamus 

2 These processes consist of focal areas of small capillary hemor- 
rhages and of necrosis Vasculai disturbances include dilatation of the 
capillaries, capillary budding and perivascular hemorrhages There is 
parenchymatous degeneration, consisting of loosening of the ground 
substance 

3 Areas of widespread neciosis, of focal necrosis and of punctate 
necrosis occur Within and near these areas there is neuronal degenera- 
tion, exhibiting acute swelling and hyahmzation, changes indicative of 
interference with the chemical processes of the tissue due to lack of 
oxygen or inadequate elimination of toxic metabolites 

4 The astrocytes show prohfeiation, tiansformation and degenera- 
tion Proliferative and transfoi mative changes are indicative of wide- 
spread stimulation of the astrocytes by an irritative substance or by 
deprivation of oxygen supply The degenerative changes of the 
astrocytes are indicative of the lapidit}^ and nature of the destructive 
processes 

5 The changes in the ohgodendiogha, which occur m areas under- 
going partial or complete necrosis, are chiefly those of acute swelling and 
ohgodendrogliosis Acute swelling of ohgodendroghal cells has been 
observed previously m pathologic conditions which exert a toxic mflufence 
on the brain and appears to be an invariable accompaniment of such 
states The occasional occurience of penvasculai ohgodendrogliosis in 
the tissues of the brain stem of patients wdio w^eie m a semicomatose 
condition foi long periods is indicative of a state of long-continued 
edema and toxemia 

6 In aieas of ischemia and in aieas of eaily to advanced necrosis, 
acute swelling of microglia and foimation of rod cells to some extent are 
observ^ed Previous destruction of the neive structures is required for 
this reaction on the part of the microglia, and such a condition is observed 
.111 polioencephalitis hemorrhagica superior, wdiich arises from a condi- 
tion of acute intoxication The toxins produced are of endogenous 
origin, although the causative agent, alcohol, is an exogenous one 

In areas of advanced necrosis and in hemorrhagic areas of some 
duration the formation of compound granular corpuscles and their 
phagoc}tic action can be obseiA^ed In such areas there is an increase 
in the number of these phagocytic cells, but this is apparently due to 
the transformation of the microglial cells alread}’^ there There is no 
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evidence of migration of these phagocytic cells into the areas of destroyed 
tissue 

7 Underlying the histopathologic processes there is a deficienc}'’ of 
nutritional factors, the chief of which is thiamine A number of 
investigators of this syndrome have demonstrated that there is inter- 
ference with carbohydrate metabolism and with oxidation of pyruvic 
acid and that there is a decrease in the amount of oxygen supplied to 
the tissues The effect of the anoxia and the toxic metabolites is to 
interfere with the chemistry of the cells and to cause their degeneration, 
which results m necrosis of vaiious degrees m the tissues of the brain 
stem and m weakening of the walls of the capillaries, with extravasation 
of blood 

Presbyterian Hospital 



CAPILLARIES IN THE FINGER NAIL FOLD IN PATIENTS 
WITH NEUROSIS, EPILEPSY AND MIGRAINE 


ALFRED HAUPTMANN, MD 

Instructor of Psychiatry and Neurology at Tufts College Medical School 

BOSTON 

M icroscopic studies of the capillanes of the skin in living 
persons go back to 1922, when Otfiied Muller, in Germany, _ 
published his book ^ His studies did not concern the subject in which^ 

I have been interested He investigated the morphologic changes and 
the blood flow m capillaries of the skin m physical disease, such as 
disturbances of the heart and kidnej^s Howevei, he and one of his 
co-woikers, Parrisius,^ have ahead)'’ desciibed structural and functional 
abnormalities in so-called “vasoneui otic” patients 

The term “vasoneurotic” is somewhat vague , so no clearcut relation 
of the findings of these authors to the now better established types of 
the neuroses can be given Some of their observations, especially on the 
structural abnormalities, agiee with mine, others should be i elated, 
rathei, to one group of neurotic patients only However, a great many 
of their observations on the abnormalities of the blood flow are, accord- 
ing to my studies, not characteiistic of patients with vasoneurotic dis- 
oiders, since one can find them also m normal peisons 

It is difficult to determine the subjects who can be used as normal 
coiitiols foi observations on neurotic persons because normal persons 
may have one or anothei trait found also m neurotic patients I exam- 
ined the capillanes of 125 so-called normal persons The group con- 
sisted of students of Tufts College Medical School, of nurses of the 
Piatt Diagnostic Hospital, of some physicians and of patients who had 
been in the hospital foi reasons other than neurotic or neurologic 
troubles Of course, a numbei of those subjects, especially the students, 
were neurotic I did not know this prior to my examinations I exam- 

This research was supported by a grant fiom the Harrington Fund 
From the Joseph H Pratt Diagnostic Hospital and the Boston Dispensary 
1 Muller, 0 Die Kapillaren der menschlichen Korperoberflache in gesunden 
und kranken Tagen, Stuttgart, Ferdinand Enke, 1922 

2 Parrisius, W Kapillarstudien bei Vasoneurosen, Deutsche Ztschr f 
Nencnh 72 310, 1921 Muller, O, and Parrisius, W Die Blutdruckkrankheit 
Klinische, crbbiologische, anthropometrische, biochcmische, histologische, kapillar- 
mikroskopische und andere Untcrsuchungen am Blutumlauf bei H\pcrtonikcrn, 
Stuttgart, Ferdinand Enke, 1932 
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ined the capillaries before I had interviewed the subject for the presence 
of neurotic traits Ninety-three per cent of these normal persons had 
normal capillaries, 7 per cent showed the anomalies seen m neurotic 
patients Therefoie one can state with certainty that theie exists a 
normal capillary picture in adult normal persons I emphasize the word 
“adult,” because childien show a difteient capillary picture There is 
a fairly regular change with age, although the development of the 
capillary picture from that of the newborn to the final pattern of 
the grown-up differs with different peisons It depends not only on the 
anlage of the ectoderm but probably also on environmental factois 

Studies on the development of the capillaries in children vere the 
staiting point of my investigations, uhich go back a number of }ears 
Tt was Jaensch® who fiist mauguiated these studies and, togethei with 
two other authors, Hoepfner and Wittneben, published a book on his 
observations m 1929 In Ameiica, Powdei maker ^ published the results 
of corresponding examinations in the same year, and Leader'^ lepoited her 
observations in 1932 All these studies show that there is a rather strict 
relation between the development of the capillary picture and the mental 
development For instance, examinations by Geiman investigatoi s 
showed that the capillaries of 67 per cent of children m a normal school 
displayed a normal pattein, whereas only 29 per cent of children of 
an ungraded school showed noimal capillaries Powdermaker obtained 
corresponding figures, and, what is more interesting, she did not find 
abnormal capillaries in those retarded children whose defectiveness was 
due to such factors as trauma, encephalitis and meningitis She con- 
cluded that an examination of the capillaries may help to establish a 
diagnosis when the early history is inadequate to distinguish between 
a constitutional etiologic and an environmental factor Similar were the 
findings of Leader, who observed normal capillaries in children with 
delayed physical development but with normal or superior intelligence 
Another American author, Crawford,® went so far as to state that the 
capillaries are as characteristic in a given person as his face and that 
they remain essentially the same from day to day and from minute to 
minute 

This morphologic stability is true only in adults after the develop- 
ment of the capillaries has come to an end As I mentioned before, 

3 Jaensch, W Die Hautkapillaroskopie, Halle, Carl Marhold, 1929 

4 Powdermaker, F Capillary Forms in Relation to Certain Problems in 
Development, Arch Neurol & Psychiat 22 1207 (Dec) 1929 

5 Leader, S D Capillary Microscopy in Children, Am J Dis Child 
44 403 (Aug ) 1932 

6 Crawford, J H Human Capillaries Observations in the Capillary Cir- 
culation in Normal Subjects, J Clin Investigation 2 351, 1926 
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this end is different m different children Powderinaker stated that the 
end stage may be reached as early as the age of 6 months oi as late 
as 6 years The German authors made the interesting observation that 
the development of the capillaries is delayed in children who grow up 
111 a population in which goiter is endemic Leader, in Ameiica, found 
that abnormal capillaries in myxedematous children developed rapidly 
in normal forms with thyroid medication 

The relation between retarded development of the capillaries and 
mental abnormalities in children is the only clue to the relation of the 
capillary pattern to the stiucture of the brain The fact that the skin 
and the neivous system come from the same geiminal layei does not 
mean much in this legard, especially as the capillaries originate in the 
mesoderm Nevertheless, Jaensch expressed the belief that the evolution 
of the capillaries coincides with the in3''ehnation of the neives and the 
differentiation of the ceiebral coitex 

METHOD 

I used an ordinary microscope with an eyepiece \\ ith a magnification of 7 5 
and an objective lens with a magnification of 10 The best region foi the obser- 
vation of the capillaries is the finger nail fold One can use other parts of the 
body, but the results are not so good, especially if one wants to make photographs 
As the finger must be kept as steady as possible, I made a holder on the platform 
of the microscope with two walls, between which the finger could be kept m the 
proper place By means of the two screws of the microscope table, the finger 
could be moved easily in all directions, which is necessary if one is to observe 
the capillaries in different parts of the finger The skin just under the lens is 
covered with cedar oil in order to make it more transparent One has to use a 
strong lateral light focused exactly on the spot of observation I used a very 
strong electric bulb equipped with a special device at the side of the lens, so 
that it could be adjusted at different angles This light, however, is not strong 
enough for making photographs For photography I used an arc lamp with a 
green filter This is necessary, otherwise one gets very poor pictures, such as 
arc seen in most publications One has to make very short exposures, as despite 
all fixation the patient is unable to keep the finger steady The development 
of this technic is difficult and discouraging, but I found it necessary to spend 
much time on it, because drawings, such as have been used by most authors, are 
not convincing Although I have succeeded in getting some good photographs, I 
must say that the microscopic observation is much more important As the 
surface of tlie finger nail fold is curved, and not a plane, and as the capillaries 
nrc not all situated in the same la 3 fer, one has to focus up and down with the fine 
adjustment in order to see the whole structure of a capillary 

The Msibihty of the capillaries is dependent on the transparenci' of the skin 
This differs with different persons, and even at different times For instance, 
perspiration interferes Avith the visibility Ordinary injuries of the fingers, with 
vhicli I include manicuring, do not interfere with the visibility and the form of 
the capillaries Environmental influences do not plaj any role There are, 
however, a certain number of persons, approximatelv 10 per cent, with a skin 
too thick to permit good examination of the capillaries 
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NORMAL ANATOMIC PICTURE 

The capillaries of the nail fold show a deep arterial network, a 
second, subpapillary network near the junction of the middle and the 
outer third of the cutis, and a third, even more superficial, arterial 
network beneath the papillae Fiom this network arise the capillaries 
m the papillae Between these arterial layers are at least four venous 
plexuses Only one capillary loop is piesent m each papilla 

The normal development of the capillaiies may be summarized as 
follows (fig 1) At birth there are no capillary loops m the papillary 
layer The upper part of the corium represents a flat line There is a 
piimitive network of vessels supplied by the aiterioles and venules of 



J 


Fig 1 — Development of capillaries m the newborn The column at the left 
shows normal development (to be read from the bottom to the top) The other 
columns show arrested development in mentally retarded children The arrows 
indicate the stage at which the development was arrested and went the wrong way 

the deeper layeis At the age of about 4 weeks saddle-shaped forms 
spiout from the piimitive plexus They grow gradually m the direction 
of the corium , but not before the fifth month does one find the hairpm- 
hke capillary loops, each of which lies m a papilla At the same time, 
the horizontal netwoik of fine blood vessels decreases m size, and the 
corium becomes wavy At the time when definite loops have developed, 
the corium assumes the scalloped appearance At from the fifth or sixth 
month to one year of age the capillaries and the papillae develop into 
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the mature picture, as seen in g of figure 1 This figure, a drawing by 
Jaensch,® shows in the left column, which is to be read from the bottom 
to the top, the normal development of the capillaries in children In the 
other columns, Jaensch has recorded the capillary patterns due to 
abnormal development m mentally retarded children The arrows indi- 
cate at what stage the development has stopped Column V shows a 
special hypoplastic, primitive stage, seen oftentimes m cietins It is 
important to stress that at the end of normal development no horizontal 
network or subpapillary plexus can longer be seen 

The pattern of the normal capillaries in adults is as follows The 
corium IS well scalloped, and the papillae are rather regular The capil- 
laries of the fit St row are hairpm-like The arterial limb is narrower 
than the venous limb Figure 2 shows examples of normal capillaries 
According to Muller, the width of the lumen is 0 009 to 0 012 mm 



Fig 2 — Normal capillaries in the adult The photographs show the capillaries 
of the end row They are hairpin-like, straight and evenly distributed 

iMy own figuies are a bit higher — 0 014 to 0 021 mm These values 
correspond better than Muller’s to the figures of Krogh," who mentioned 
002 mm as the width According to Deutsch,® who made capillary 
studies in cases of Ra}naud’s disease, the height of the capillaiies is 

0 2 to 0 4 mm My own figures are smaller — 0 04 to 0 1 mm I do not 
believe that these differences are important, as the size of the capillaries 
differs in different persons I got the impression that theie is some 

1 elation to the anthropologic bodily stiucture (leptosomatic. pjknic, 
athletic) 

/ Krogh, A Anatonw and Physiologj'^ of the Capillaries, New Ha\en, 
Conn Yale Unnersitj Press, 1924 

Bentsch, F Capillarv Studies in Ravnaud’s Disease, T Lab & Clm 
^tccl 2G 1729, 1941 


636 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


It IS important to stress that m normal adults no subpapillary plexus 
IS visible I emphasize this fact because the persistence, or, let me say 
more cautiously, the visibility, of a horizontal netwoik of vessels in the 
proximal parts of the nail fold means, in my opinion, a pathologic 

pattern Normally one does not see any connection between the capil- 

laries m the first row and the deeper vessels 

The capillaries of the fiist low are not the only ones which are 

visible, although they are bettei visible, and their shape is more sig- 

nificant, than the capillaries of the proximal parts Those capillaries 
aie usually shorter, and they do not appear at the same angle as the 
capillaries of the first row This may also be one reason for the shorter 
appearance, for one often looks vertically at the connecting part between 
the arterial and the venous limb 

The distribution of the capillaries is very even m normal subjects, 
especially in the first row Irregulaiities in this regal d are as signifi- 
cant as variations from the hairpm-hke shape Usually the capillary 
pattern is the same in all fingers and in both hands I always studied 
the fourth and fifth fingers of each hand The fourth finger is the best 
test object On the little finger, even m normal persons, one is more 
likely to find variations in the distribution and form of the capillaiies 
Generally, m the little fingei the abnormalities seen in the other fingers 
are magnified and multiplied For instance, if there are a few abnormal 
structures m the fourth fingei, one will find them more pionounced 
m the little finger One nevei should examine one finger and one 
hand only 

Slight variations from the ideal pattern of the capillaries are not to 
be considered pathologic If the vaiiation concerned only a different 
shape of the capillaiies m the end row, not the visibility of a horizontal 
network of vessels, I usually counted the number of abnormal capil- 
laries in one visual field This gave me the degree of abnoimahty, e g , 
S or 10 per cent oi more The normal variations from the haiipin-hke 
shape consist in some tortuosities or slight twisting or in figure 8 forms 
If the abnormal forms exceed 20 per cent in a field, I do not consider 
the pattern normal It belongs, then, in the category of the 7 per cent 
incidence of abnormal capillaries in normal persons, which I mentioned 
earlier 

OBSERVATIONS 

Newosis — I examined 578 abnormal subjects This numbei con- 
sisted of 375 patients with neurosis, 117 with epilepsy, 37 with migraine, 
21 with nonmigraine headache and 28 with other neurologic diseases 

I divided the 375 neurotic patients into 304 constitutionally neurotic 
persons and 71 with neurotic reactions I called those patients consti- 
tutionally neurotic in whose family several other neurotic persons could 
be found and who obviously had inherited their neurotic anlage Another 
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evidence of their abnormal constitution could be seen in the fact that 
neurotic tiaits appeared very early in life and could not be explained 
by environmental factors, such as unhappy home conditions or troubles 
in school 01 in their i elation to friends Neurotic traits persisted 
throughout their life independent of environmental circumstances, oi 
even despite favorable conditions The patients with neurotic reactions, 
on the contiary, were not nervous ab origine In their families usually 
no other neurotic persons could be found They did not show neurotic 
traits during childhood, even when the family life or their experiences 
during “teen age” contained noxious agents It was not difficult to 
1 elate their neuroses to definite environmental circumstances, such as 
marital oi family tiouble, severe grief, difficulties m business oi serious 
sickness Oftentimes those reactive neurotic traits disappeared in the 
course of time and the patient remained noimal until a new tioublesome 
experience caused a second neurotic reaction It goes without saying 
that theie is no strict borderline between these two groups of neurotic 
patients, one may be m doubt occasionally whether a patient should 
be put 111 the one or in the other group It was inteiesting that of the 
304 constitutionally neurotic persons, 268, or 88 1 per cent, showed 
abnormal capillaiies, whereas only 36, or 11 8 per cent, showed noimal 
capillaries Of the 71 patients with neurotic reactions, howevei, only 
3, 01 4 2 per cent, showed abnoi mal capillaries, whereas 68, or 95 7 per 
cent, had normal capillaries 

The shape of the abnormal capillaiies in neuiotic patients can be 
seen in figuie 3 The papillae aie not regularly built, they do not 
stay in one low, sometimes they are very shallow, and in cases of 
seveie neuroses there are no papillae at all Also, the distribution of 
the capillaiies is irregular They do not stay in cleaicut rows, and 
they aie not all oriented in the vertical diiection The most char- 
acteiistic anomaly, however, is the toituosity They aie twisted and 
sometimes show grotesque forms The twisting is not restricted to 
one of the limbs The caliber of the capillaries is often large The 
most pionounced t\Mstings appear m the capillaries of the end row, oi 
at least they are best visible there A certain percentage of neurotic 
patients showed a pattern A\hich is also seen in mentally letarded 
children, and, as will be seen latei, in epileptic patients This pattern 
consisted of horizontal vessels in the proximal parts of the nail fold, 
sometimes even of a hoiizontal network of vessels Oftentimes the 
capillaries could be folloived into this netivork This pattern can best 
be interpreted as a pnmitue stage, known from the development of 
the capillaries in eaily childhood Of 586 persons (normal subjects 
and patients with neurosis, nonmigraine headache and other neurologic 
diseases) I found this pattein m 73, that is in 12 4 per cent Tnterest- 
mql>, this immature picture was found especially in patients with 
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hysteria This corresponds with my conception of hysteria as a neurosis 
of primitive structure The most pronounced tortuosities could be 
found with anxiety neurosis 

The difference between the “constitutionally neurotic” patients and 
the patients with neurotic reactions is a strong one That 88 per cent 
of the former and only 4 per cent of the latter had abnormal capillary 
pictures m the nail fold is certainly significant It would seem to 
indicate that theie is a developmental defect in the patients with con- 



Fig 3 — Abnormal tortuosities of the capillaries in constitutionally neurotic 
patients The pictures show different forms and degiees of abnormally shaped 
capillaries of the end row 


stitutional neurosis which is absent in the patients classified as having 
only “neurotic reactions ” The fact that the abnormal capillary picture 
is made up of peculiarly shaped capillary loops, oi occasionally even 
of horizontal vessels, such as are seen in the early stages of normal 
development, indicates that the abnormality is congenital rather than 
acquired The findings are not surprising They merely support the 
conception of those authors who believe in the constitutional basis of 
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some neuroses and who do not believe that environmental factors always 
give the clue to an understanding of the neuroses Examination of the 
capillary pattern might be a useful test in cases in which it is important 
to distinguish between anlage and morbid reaction, e g , in the exam- 
ination of would-be soldiers or employees for special work which requires 



Fig 4 — Immature capillary pattern in patients with idiopathic epilepsy 
Horizontal \cssels are MSible in the more proximal rows, m D there is e\en a net- 
\\ork of these \essels One can follow the capillaries of the end row into these 
uonzontal lesstls 

a ''table pei sonahu or in the examination of school children The stud} 
ff ‘'iich objectne somatic signs gives ps}chologic tests a broader basis 
hf’ilcpsy — I examined 117 patients with epileps} , 73 of them ma} 
be said to hate idiopathic epilepsy and 44 symptomatic epilepS} I do 
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not have to stress that this differentiation is often difhcult, or even 
impossible In most cases I also made use of the electroencephalo- 
gram The capillary picture was characterized by horizontal vessels, 
or even a horizontal neUvork, m the pioximal part of the nail fold 
(fig 4) The capillaries of the end row did not show many anomalies 
One could follow the capillaries of the end row into those horizontal 
vessels It was an “immature picture,” such as is seen m mentally 
retarded children Fuither evidence was the presence of abnormally 
shaped capillaries, such as are seen during the early stages of normal 
development of the capillaries Thus, it would seem that this pattern 
represents a retarded development of the capillaries or a development 
which came to a standstill before it was finished 

I found this capillary picture in 50 of the 73 patients with idiopathic 
epilepsy, that is, m 68 4 per cent The figuies for the patients with 
symptomatic epilepsy were quite diffeient Of 44, only 10 shoued this 
picture — 22 7 per cent This is a significant difference m spite of the 
inevitable errors in diagnosis as to “idiopathic” and “symptomatic ” 
One must consider the theoiy that even m symptomatic epilepsy there 
might be a specific cerebral predisposition which requiies an additional 
exogenous factor m order to manifest itself in epileptic seizures I do 
not like to say that the presence of those horizontal vessels is a positive 
diagnostic aid m questionable cases of epilepsy, for one can find them 
occasionally also in nonepileptic cases Nevertheless, one can say that 
the absence of those vessels speaks strongly against idiopathic epilepsy 
(% 5 ) 

Of the few capillary studies which I found m the literature, only tn o 
authors mention observations on epileptic patients Olkon ” described 
epileptic monozygotic twins and spoke of “thickened walls of the sub- 
papillary plexus ” This at least can be interpreted as evidence of the 
visibility of such a plexus Leader ® examined 12 patients with epilepsy , 
in 2 she saw evidence of retarded development, namely, bizaire shapes 
subpapillary plexus and irregular corium In 2 others she noted the 
pattern of “vasomotor instability ” She did not distinguish between 
idiopathic and symptomatic epilepsy, but even so hei obsen^ations 
represent some suppoit of my own 

Mtgjmne — I studied the capillaiy pattern of patients with migraine 
because of the well known relationship between epilepsy and migraine 
I examined 37 such patients In my opinion, the diagnosis of migiaine 
IS made much too often My patients had true migraine, I believe 
although, of course, there might be some cases which another examiner 
would put in a different Category of headache The same holds true 
— ^ 

9 Olkori) D M Epilepsy of the Angiospastic Varietj in Monozygotic 
Twins, Arch Neurol &. Psychiat 25 1111 (Maj ) 1931 



HAUPTMANN— CAPILLARIES IN NAIL FOLD 


641 



Fig 5 — Normal capillaiy pattern m a patient with symptomatic epilepsy, 
showing hairpin-hke, straight, evenly distributed capillaries in three rows 



6 — Immature capillary pattern in a patient with migraine, showing hori- 
zontal vessels in the proximal row, in connection wuth the capillaries in the end row 
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for the 21 patients with nonmigrame headaches, in these 21 patients 
the mam symptom was headache Of the 37 patients with migraine, 
I found a picture (fig 6) like that accompanying idiopathic epilepsy 
in 20, that is, in 54 per cent, whereas none of the patients with non- 
migraine headache showed this capillary picture This is m accord 
with the concept that migraine and epilepsy grow on the same tree 
Of course, 54 per cent is a figure too low to enable one to state that 
migraine has a typical capillary picture, however, when it is compared 
with the 14 per cent of similar changes in all the other patients exam- 
ined, it indicates an abnormal anlage of the capillaries of the peripheral 
vessels This may be true of the brain, provided the capillary pattern 
of the finger nail fold permits one to draw any conclusions concerning 
the cerebral capillaries 

Recently, studies of the capillaries of the fingers in patients with 
migraine have been published by Redisch and Pelzer These investi- 
gations were concerned, however, with the impaired visibility of the 
capillaries during an attack of migiame arid the effect of ergotamme tar- 
trate, rather than the form of the capillaries 

SUMMARY 

1 There exists a characteristic “normal” pattern of the capillaries 
of the finger nail fold in adult “normal” persons 

2 The immature capillary picture of the newborn develops to the 
mature end stage, which can be reached as early as 6 months or as late 
as 6 years of age 

3 This normal development is ai rested at various stages in mentally 
retaided children 

4 Constitutionally neurotic patients showed an abnormal capillary 
picture, consisting mainly in tortuosities of the normally hairpm-like 
capillaries in 88 per cent Patients with neurotic reactions, on the other 
hand, showed this picture in only 4 per cent Therefore, examination 
of the capillaries furnishes a means of detecting persons of neurotic 
predisposition 

5 Patients with idiopathic epilepsy display an immature capillary 
picture, similar to that seen during the normal development of the capil- 
laries in early childhood, before the end stage is reached Patients with 
symptomatic epilepsy show this pattern to a much less degree 

6 Migrainous patients show a capillary picture similar to that of 
epileptic patients 

Joseph H Pratt Diagnostic Hospital 

10 Redisch, W , and Pelzer, R H Capillary Studies in Migraine, Am 
Heart J 26 598, 1943 



CAPILLARIES OF THE NAIL FOLD IN PATIENTS WITH 
NEUROCIRCULATORY ASTHENIA (EFFORT SYNDROME, 
ANXIETY NEUROSIS) 

STANLEY COBB, MD 
MANDEL E COHEN, MD 

AND 

DANIEL W BADAL, MD 

BOSTON 

A S PART of an extensive study ^ of neurocirculatory asthenia, in 
■ which many methods of examination were used, the capillaiies 
of the nail fold were examined m 48 patients with neuiocirculatory 
asthenia^ and m 44 normal contiols It has long been known that 
persons with peiipheral vascular disease have abnormal capillaries that 
can be seen m the nail fold and that in ceitam cases of mental defect,® 
“vasomotor neurosis,”^ epilepsy and migraine vaiiations from the normal 
capillary picture occur ® Recently Hauptmann® has thoroughly reviewed 
the literature and has shown that in many patients with psychoneurosis, 
especially anxiety states and hysteria, the capillaries are abnoi mal He 
has helped us m our study by showing us his material, by advising as 
to our technic and by making photographs for us 

METHOD 

With the 92 persons included in this study the usual procedure was to examine 
the nail fold of the fourth finger of each hand If the cuticle was thick and the 
visibility bad, another finger was sometimes used The area to be examined was 
lightly sponged off with an alcohol-ether mixture to remove oily deposits Then, 
after the finger was placed in the holder beneath the lens, a drop of cedar oil was 

From the Massachusetts Branch of the Hall-Mercer Hospital 
The work described in this paper was done under a contract, recommended by 
the Committee of Medical Research, between the Office of Scientific Research and 
Development and the Massachusetts General Hospital 

1 White, P D , Cobb, S , Chapman, W P , Cohen, M E, and Badal, D W 
Tr A Am Physicians 58 129, 1944 

2 For a definition of neurocirculatory asthenia, see article cited in footnote 1 
3 Potosky, C Am J Ment Deficiency 47 167, 1942 
4 Parriseus, W Deutsche Ztschr f Nervenh 72 310, 1921 Parriseus’ 
figure 5 is comparable to the pattern for our normal controls and his figure 15 to 
the pictures for 4 patients with neurocirculatory asthenia 

5 Paskind, H A , and Brown, M Constitutional Differences Between 
Deteriorated and Nondeteriorated Patients with Epilepsy, Arch Neurol & Psjchiat 
49 49 (Jan ) 1943 

6 Hauptmann, A Capillaries in the Finger Nail Fold in Patients with 
Neurosis, Epilepsj and Migraine, Arch Neurol & Psjchiat, this issue, p 631 
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Fig 1 — A, photomicrograph of capillaries at the edge of the nail fold of a 
patient with neurocirculatory asthenia Of the 9 capillaries in focus m this plane, 
it can be seen that 3 are simple loops and 6 are more complex in form Magnifica- 
tion, about 200 

B, 5 capillaries along the edge of the nail fold, 3 are simple, hairpin loops, and 
2 are the more complex form described in the text 
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C, drawings of capillary loops selected from several patients to show variations 
m form The first 4 in the upper row would be called hairpin forms m spite of a 
slight crossing at the bottom The fifth loop is equivocal, and the next 8 are 
definitely looped forms The lower row shows some of the many complex forms 

spiead over the junction of the cuticle and the nail at a point where it seemed smooth 
and flat The observations were made with a Zeiss capillary microscope with a 
no 8 objective and a no 6 ocular, giving a magnification of about 48 diameters 
The field was illuminated with a strong, laterally directed electric lamp focused 
through two lenses, a water filter for'coolness and a light green filter 

When the capillaries in the edge of the cuticle were brought into focus, an area 
was found where the outermost series of loops could be seen clearly Witli 
averaged-sized capillaries normally spaced, one microscopic field would take in 12 
to 14 loops, arranged usually in a somewhat regular row across the field One or 
two such fields can be found in most nail folds, and the first good one found was 
used A series of 10 capillary loops was then drawn on paper by the observer 
The same procedure was followed with the other hand The drawings were 
labeled and filed with the patient’s record 

In making counts from these drawings, the capillaries were at first divided into 
morphologic types representing (c) simple, hairpin-shaped forms, (&) looped 
forms in which the arterial arm crossed the venous arm one or more times, making 
a closed loop at the end, and (c) irregular, branching forms, fanlike ameboid, 


Peicentage Incidence of Simple Hairpin and Complex Capillaiy Loops in the 
Finger Nail Fold in 48 Patients with N eurocirculatoi y 
Disturbances and in 44 Controls 


Pitient ivith neurocirculatory asthenia 

Simple 

Complex 

-Chronic (32) 

44 

56 

Acute (16) 

Controls 

47 

53 

Normal (03) 

79 

21 

Osteomyelitis ( 21 ) 

65 

35 

Totals 



Patients ivith neurocirculatory asthenia (48) 

45 

65 

Controls (44) 

72 

28 


finger-like, etc (fig 1) After much counting and recounting, it was decided 
that the significant morphologic feature was the simplicity or complexity of the 
loops, 1 e , whether they were (a) simple, hairpin forms or (b) complex forms. 
It making no difference whether the complex forms were looped, corkscrewed, 
spiraled or branched Thus, only two classes were made in the final counts When 
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two or more observations were made on the same patient, the counts were averaged 
and the average recorded as the score for that patient The nearest whole number 
was used, and if the average came out halfway between the two classes, the normal 
“hairpin” score was given the benefit of the tie For example, the right hand of 
one subject showed 5 hairpin forms and 5 complex loops, and the left hand 4 hairpin 
forms and 6 complex loops in a count of 10 The average was recorded as 5 of each 

RESULTS 

From the examination of 48 patients with neurocirculatory asthenia 
and 44 controls, it was seen that the average percentages of hairpin 
and complex forms for the patients were approximately equal, whereas 
the controls had about 7 hairpin forms to 3 complex forms The data 
are presented in the accompanying table and m figures 2 and 3 

The table is arranged with two columns, headed “Simple” and “Com- 
plex” (fig 1C) The figures in the first column show the average 
per cent of simple, hairpin forms found in the various categories listed 
to the left For example, the 32 patients with chronic neurocirculatory 
asthenia had slightly more complex capillary loops than the 16 patients 
with the acute form, but the difference was too small to be significant 

The controls were of two classes, both of which showed many more 
simple, hairpin forms than the patients The first group, called “normal 
controls,” were made up of 13 men — ^young, vigorous Navy personnel 
who had been through battle and showed no symptoms Added to these 
were 10 soldiers who had finished training but had not been m combat 
To get a sample for control who had been living under conditions moie 
like those of the patients with neurocirculatoiy asthenia, and to see 
whether chronic illness and convalescence were associated with abnormal 
capillaiies, we examined 21 soldiers with osteomyelitis complicating wai 
wounds in the wards of an Army general hospital These patients 
had no neurocirculatory disorder or past history of neurocirculatory 
asthenia Among their symptoms were easy fatigabilit}'-, shakmess, loss 
of weight, anorexia and neivousness They also showed more hairpin 
forms than complex forms The average for the total control group 
was 72 per cent hairpin forms and 28 per cent complex foims, whereas 
the average for the 48 patients with neurocirculatory asthenia was 
45 per cent hairpin forms and 55 per cent complex forms This differ- 
ence IS 8 9 times the standard error of the difference between the two 
means and is a significant difference, even when corrected for the factor 
of small numbers 

Figure 2 presents the same data in a scattergiam, or spot chart 
It brings out the fact that although there is a considerable overlap 
between the patients with neurocirculatory asthenia and the controls as 
to per cent of hairpin forms, the averages, as presented m the table, 
do not distoit the facts This chart shows the results for all oui 



COBB ET AL— CAPILLARIES OF NAIL FOLD 


647 


% 


100 




o 





oooooo 

80 

• 

• • • 

• 

oooooo 

O 0,0 

f>4 

oooo oo ooo 

MEAH 79 

o o o o 

60 


• • • 

• • • • • 

ooo ooo 

oo o o 

oo 

o 


mrSn 4 4 . 



40 

• ••• 

• •••• 

o 




• 



20 


• 




CHR0N1C(32) ACUTE(l&) 

NEUROCIRCULATOUV 

ASTHENIA 


CONVALESCENT HEALTHY{23) 
( 20 ) 

I CONTROLS 


Fig 2 — Percentage incidence of simple capillary loops in finger nail fold 
The data used in the table are here shown on a scattergram Each dot represents 
a case, and the ordinates are in percentages of simple capillary loops in each 
case Thus, it is obvious that among the controls most subjects had between 64 
and 79 simple, hairpin forms, whereas among the patients with neurocirculatory 
asthenia the greatest jiercentage falls between 44 and 48 It is also of interest that 
there is a progressive increase in the number of complex forms when the four classes 
are taken in sequence healthy least, convalescent controls next, acute patients 
with neurocirculatory asthenia next, and patients with chronic neurocirculatory 
asthenia most 


% INCIDENCE 

lOOl- 



Fig 3 — Chart showing number of hairpin-shaped capillarj loops in 48 patients 
With neurocirculatory astlienia (solid line and circles) and in 44 controls (broken 
line and hollow circles) The numbers on the abscissa, from left to right, 
show hairpin forms dnided into classes of 1 out of 10 capillaries, 2 out of 10, 
and so on, to 10 out of 10, in the last class to the right The ordinate indicates 
the percentages of patients and of controls which fell in each of these classes The 
data “ihow’ that the controls had man\ more hairpin forms and, on the otlier hand, 
that the patients with neurocirculatorj asthenia had man} more twisted and com- 
plex forms (see text) 
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subjects Moreover, it indicates that there was a consistent progression 
from most normal to most abnormal, beginning with the normal controls 
and proceeding through convalescent controls and patients with acute 
neurocirculatory asthenia to patients with chronic neurocirculatory 
asthenia 

The contrast between the patients with neurocirculatory asthenia 
and the controls is given m another way in figure 3, in which the abscissa 
shows the hairpin forms divided into classes of 1 out of 10 capillaries, 

2 out of 10 capillaries, and so on, to 10 out of 10 capillaries The 
ordinate shows the percentage incidence of each of these categories 

It will be noted that all the control subjects had at least 4 hairpin 
forms out of 10 capillaries, whereas 13 per cent of the patients with 
neurocirculatory asthenia had only 2 out of 10 and 18 per cent had only 

3 out of 10 The mean number of hairpin forms per 10 capillaries for 
the patients with neurocirculatory asthenia is 4 5, whereas the mean 
for the controls is 7 2 This corresponds with tlie 45 and 72 per cent 
shown m the table 

The peak of the curve for the patients with neurocirculatory asthenia 
IS at 5, whereas for the controls it is at 8 In other words, the largest 
percentage of patients with neurocirculatory asthenia had 5 hairpin 
forms to 5 complex forms, whereas the largest percentage of controls 
had 8 hairpin forms to 2 complex capillary loops In comparing all 
the normal controls with all the patients, it can be said that the difference 
betweeen the mean for the two groups is 2 73, and the difference between 
this difference and the standard error of the difference between the two 
means is 8 9 The odds against this observation being a chance one 
are more than 3 9 by 10^^ to 1 


COMMENT 

The difference in shape of the capillary loops at the edge of the nail 
fold in patients with neurocirculatory asthenia as compared with that in 
normal controls is a conspicuous phenomenon The figures pieviously 
cited, which give the standard error of the difference between the two 
means as 8 9, strongly support the conclusion that this is a significant 
difference Nevertheless, the mathematical calculations are reliable only 
if the original microscopic observations are reliable It is obvious that 
there is a subjective element in these observations The counts are made 
b)' observeis who might well have a bias and would therefore choose a 
microscopic field that was more or less normal, thus weighting the data 
m one way or the other Such personal equations are impossible to 
eliminate, but in our opinion they are small and relatively unimportant 
In the first place, m the average nail fold, one can find only one or 
two places where the edge is even enough to give a good sequence of 
10 capillaries to count Second, three observers were employed, and 



COBB ET AL— CAPILLARIES OF NAIL FOLD 


649 


m some cases two of them checked each other’s counts, finding little 
discrepancy 

Another difficulty is in judging when a capillary has a plain hairpin 
form and when it is to be considered a looped form If the area 
observed shows a thin cuticle at the right angle to the axis of the micro- 
scope, the hairpin forms can be observed for a long distance, and 
eventually many of them are seen to have a twist that could cause 
them to be classified as “loop” forms In most cases the capillaries 
can be clearly seen for only a short distance, so we classified as “loops” 
of complex form only those capillaries that had the twist near the top, 
where the arterial limb goes over to the venous (fig 1C) Such diffi- 
culties mean that judgments have to be made and that the subjective 
element is not negligible 

In the table a comparison of the per cent of haiipin forms and 
the per cent of complex forms for normal controls and for osteomyelitis 
controls suggests that there might be a correlation between form of 
capillaries and convalescence from chronic illness The difterence 
between these proportions is not great, and the number of subjects is 
not large However, a difference of 14 per cent is statistically signifi- 
cant, being 3 5 times the standard error of the difference between the 
means The odds against this being a chance observation are about 
1,000 1 This suggests that the irregularities found in the capillaries 
occur in disorders other than neurocirculatory asthenia and that they 
may be associated with chronic illness or with the convalescent state 

Most authors who have examined these capillaries believe that the 
variation is “congenital,” but they give no proof ’’ Moreover, most of 
the papers neither define this term nor state their clinical diagnostic 
terms with enough accuracy to allow valid comparison with their data 
Finally, the capillary picture associated with neurocirculatory asthenia 
somewhat resembles that seen in the nail fold of infants Some authors, 
therefore, call these irregulai loops embiyonic, or primitive forms, but 
as yet no satisfactory proof has been brought forward that they are 
not the result of chronic illness In fact, the data in the table suggest 
this possibility We must conclude, therefore, that the question is 
unsettled and that nothing in our data answers the question as to 
whether the capillar}^ abnormality is congenital or acquired after birth 

The data show that there is a variation m capillary form that corre- 
lates vith iieui ocirculatory asthenia This observation cannot be used 

a specific diagnostic aid, because other investigators have found 
similar variations with “anxiety neurosis,” hysteria and various clinical 
s\ ndromes accompanied with vasomotor disturbances ° It is obvious that 

7 Griffith, J Q , Jr Am J M Sc 101 439, 1932 Potoskj Paskmd 
and Brown ® 
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moie w6rk must be done to piove whethei oi not the capillaiy picture 
can be varied by disease and chronic physiologic disorders If changes 
can be produced, one must determine what they are like Also, the 
development of the capillary loops must be followed 

SUMMARY 

In the nail folds of 48 patients with neuiocirculatoiy asthenia there 
weie significantly more capillaries of complex form than m 44 normal 
controls The percentages of complex forms in each class of subjects 
studied were as follows normal controls, 21 , convalescent controls, 35 , 
patients with acute neurocirculatory asthenia, 53 , patients with chronic 
neurocirculatory asthenia, 56 

The mean number of normal, hairpin-shaped forms for the patients 
with neurocirculatory asthenia was 4 5 out of 10 capillaries, whereas 
for the controls it was 7 2 out of 10 

Massachusetts General Hospital (14) 
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T he presence of fascicular conti actions in muscle is a physical 
sign which is of great help to the clinician in reaching a diagnosis 
The electromyograph can be used as a delicate tool for the detection of 
fasciculations not obvious to the eye, foi although in some muscles over 
which the subcutaneous tissue is thin fasciculations if present can be 
readily obseived, in other muscles even when present they escape 
observation In some cases the bilateral or diffuse nature of a lesion can 
be observed earliei by electromyography than by clinical examination 
The application of electromyography to the detection of fasciculations 
in muscles due to lesions of the spinal cord and of the peripheral nerves 
has been in use in this laborator)^ ^ and in others ^ for some time In 
1944 Hoefer and Guttman “ described an electromyographic method foi 
deteimination of the level of lesions m the spinal cord and demonstiated 
Its usefulness in a series of 24 cases of lesion of the cord Of these 
cases, 2 were of luptuied ceivical disk, the level of which they were able 
to localize by electromyography to within one or two segments of the 
actual level, as venfied by later opeiation These authors suggested 
that the network of internuncial neuions in the cord may be responsible 
foi the spread of motor unit discharges to segmental levels other than 
those of the lesion 

In the present study, 10 cases of suspected compression of nerve 
loots by protruding inter vertebi al disks have been reviewed in the light 
of their electiomyographic findings In 9 of these 10 cases, operation 

This studj %\as aided by a grant from the National Foundation for Infantile 
ParaUsis, Inc 

From the Elcctrom> ographic Laborator\, Department of Psjchiatry, the 
Department of Ph\sical Medicine, and the Department of Surger>, Massachusetts 
General Hospital 

1 Watkins, A L, and Braricr, M A B Studies on Aluscle Innerxation 

m Pohonnclitis and Ner\e Injuries, Arch Pins Med 26 69-75 (Feb) 1945 
2 Hoefer, P F A , and Guttman, S A Electromj ographj as a Method 
for Determination of Lei el of Lesions in the Spinal Cord, Arch Neurol &. 
Psicluat 51 415-422 (M'i^) 1944 
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was performed, and therefoie confirmation of the segmental involvement 
was furnished by operative observation, the other case having confirma- 
tion by myelographic studies In 2 cases of suspected ruptured disk with 
normal electromyograms no lesion of the disk was observed at operation 
The electromyographic findings m these cases are also compared with 
those in cases of anterior horn cell disease in progressive muscular 
atrophy 

ELECTROMYOGRAPHIC METHOD 

The same technic for recording electrical discharges from muscles was used 
in this work as has been described m previous work from this laboratory ^ In 
the routine electromyographic tests on patients coming for clinical diagnosis and 
localization, surface electrodes have been used In our experience, little information 
is lost by the substitution of surface electrodes for needle electrodes, and the 
ordeal is considerably less for the patient In some cases of a bilateral lesion of 
the spinal cord as many as eighteen or twenty pairs of electrodes may be needed 
for accurate determination of the level of involvement The advantage to the 
patient of the surface electrode technic is obvious in such a case In addition, 
fasciculations are sometimes not recordable from the first area tested qn a muscle, 
and many shiftings of the electrodes may be needed before the optimum site for 
recording is found It is also questionable whether the introduction of the needle 
electrode into the body of the muscle itself may not set up some irritability and 
a current of injury, resulting in electrical discharges which are artefacts 

The recording units for this work were both ink-writing oscillographs, one 
recording from six muscles simultaneously and the other from three In a few 
cases a cathode ray oscillograph was used 

RESULTS 

For the purpose of analysis of the electromyograms, the cases of 
protiuding intervertebral disk will be leported first 

As examples of the type of examination used and the correlation 
between clinical signs and electromyographic findings, 2 cases will be 
presented in some detail, and the other cases m this category will be 
tabulated later 

Case 1 — The presenting complaints in this case were pain in the neck and 
left shoulder and arm, with numbness of the middle finger, which was aggravated 
by coughing, sneezing and straining There was tenderness over the sixth cervical 
spinous process No fasciculations could be seen Roentgenographic examination 
with Pantopaque* showed a large filling defect at the sixth cervical interspace on 
the left side The electromyogram showed multiple spontaneous discharges con- 
sisting of clearcut, diphasic spikes occurring in some muscles but n6t in others 

3 Watkins and Brazier i Schwab, R S , Watkins, A L , and Brazier, M 
A B Quantitation of Muscular Function in Cases of Poliomyelitis and Other 
Motor Nerve Lesions, Arch Neurol & Psychiat 50 538-545 (Nov ) 1943 

4 An iodized poppyseed oil, with special cohesive properties, used as a con- 
trast medium for myelography 
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These discharges were found when the muscles w'ere in complete relaxation The 
distribution of these abnormalities may be summarized as follows 


Muscle (Left Side) Segment 


Deltoid 

Biceps 

E-^tensor carpi radialis 
ric\or carpi radialis 


C5 CG S Electromyogram normal 

C6 07 ? Area of maximum electro- 
(C6) 07 C8 5 myographic abnormality 


Triceps 


OrClSThl 


Area of electromyo 
graphic abnormality 
(common root 07) 


Abductor pollicis brevis 07 08 J 

Abductor digiti quinti 08 Thl Electromyogram normal 

It will be seen that the abnormal spontaneous discharges occurred only m those 
muscles served by the seventh cervical root, and therefore one would suspect com- 


pression of this nerve root 

Operation revealed a fragment of ruptured disk at the sixth cervical interspace 
pressing on the seventh cervical root on the left This was removed and the nerve 
decompressed Fifteen days after removal of the fragment electromyographic 


Muscle Segment 

BICEPS Cj Cg — 


EXTENSOR 

CARPI RAO Cg C7 


FLEXOR 

CARPI RAD-(C^) C7 Cg 

ADDUCTOR 

POLLICIS — C7 Cg 


TRICEPS CyCgTH, 


FLEXOR CyCeTHj 

ULNARIS 

ABDUCTOR 

DIGITI V Cg TH| 


Sample of E M G 





EMG NORMAL 


EMG ABNORMAL 
COMMON ROOT 

C7 


EMG NORMAL 


Fig 1 — Electromyograms in a case of ruptured cervical disk The maximum 
loltage of the highest discharge is 80 microvolts 


studies were repeated All trace of spontaneous electrical activity had disappeared, 
and the only remaining abnormality w'as some signs of hyperirntability in the left 
extensor carpi radialis 

Another case is illustrated in figure 1 , in which examination with 
a contrast medium showed a pronounced filling defect at the sixth 
cer\ical interspace on the right side consistent wuth a ruptured inter- 
\ertebral disk pressing on the seAenth cervical root on that side The 
details of the case, 111 brief, are as follows 

Case 2 — The presenting complaints m this case were severe pain m the right 
shoulder and arm for two weeks, which was aggra\ated bj coughing and sneezing 
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The clinical findings were weakness of the triceps muscle and hyperesthesia of the 
index finger, tips of the third finger and thumb and the radial aspect of the forearm 
on the right side No fasciculations could be seen Roentgenographic studies with 
a contrast medium showed a filling defect at 4he sixth cervical interspace on 
the right Although no fasciculations could be detected clinically, many were found 
electromyographically, with the muscle distribution shown m the following 
tabulation 

Muscle (Right Side) Segment 

Biceps Oo CO Elcctromyo^ram normal 

Evtensor carpi radialis CC C7 ' 

Flevor carpi radialis (C6) 07 C8 

Adductor poUicis 07 08 ■ Electromyogram abnormal (common root 07) 

Triceps 07 08 Thl 

Elexor ulnaris 07 08 Thl , 

Abductor digiti quinti 08 Thi Electromyogram normal 

It Will be noticed that of the eight muscles examined, including those of the 
hand, there were six which were served by some branch of the seventh cervical 
root Each one of these six muscles when completely relaxed showed some 
abnormality m the electromyogram (fig 1) The two muscles not served by the 
seventh cervical root gave normal electromyograms 

The rest of this senes of cases of ruptured disk is summarized m the 
accompanying table In all our cases with positive electromyographic 
evidence the seventh cervical root was the one compressed It will be 
noticed that in a case in which the presence of the lesion was confirmed 
at operation (case 5) not only those muscles normally innervated by 
the seventh cervical root were electromyographically abnormal, but the 
biceps also Also, m 2 cases (8 and 10) one or two muscles presumably 
innervated by the seventh cervical root were found to be normal These 
anomalies are not surprising, since the actual innervation is not exactly 
known and the anatomic distribution may vary in different persons 

Of interest in view of these results are the findings m 2 cases m 
which exploratory laminectomies were done but ruptured disk was not 
found 

Case 11 — The patient entered the hospital complaining of pain in the left arm 
and the left side of the neck, this had been present for six months but recently 
had increased m intensity and was now unbearable There was no atrophy or 
paresthesias Studies of the cervical portion of the spine with a contrast medium 
showed normal interspaces^ although equivocal roentgenographic findings sug- 
gested to some observers that compression A the sixth or seventh cervical nerve 
root might be the cause of the pain A laminectomy was therefore performed, 
but no compression of the nerve roots was observed and exploration revealed no 
abnormality The final diagnosis was fibrositis due to rheumatoid arthritis 

In this case the electromyogram before operation was also noimal 
The deltoid, biceps, triceps and extensor and flexor carpi radialis muscles 
were all normal on the left side, with no spontaneous activity at lest 

Case 12 — The patient complained of pain in the neck and the left arm with 
some weakness of that arm There was a history of several accidents Studies 
with a contrast medium showed signs suggestive of a lesion at the sixth cervical 
interspace A hemilaminectomy was therefore performed on the left, but no pro- 
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truding intervertebral disk was seen The electromyogram before operation 
revealed no abnormalities in any muscle distribution The subsequent course in 
this case made it clear that the diagnosis was that of brachial neuritis 


Case 

^o 

1 


2 


3 


4 

5 

6 


7 

8 


9 

30 


11 


12 


Elect) oinyogjaphtc Fvidi)igs m Cases of Rnptmed Cervical Disk 


Muscles with Abnormal 
Electromyogram 

— - — A ^ 

Extensor carpi radiahs GC 07 

Flexor carpi radlalis (C6) C7 C8 
Abductor pollicis brevis C7 C8 

Triceps C7 08 Thl 

Extensor carpi radialis CO 07 

Plexor carpi radialis (CC) C7 08 
Adductor pollicis 07 OS 

Triceps 07 08 Thl 

Plexor ulnans 07 C8 Thl 

Extensor carpi radialis 06 07 

Plexor carpi radialis (06) 07 08 
Opponens pollicis 07 08 


'I'nceps 07 08 Thl 


Biceps 05 06 

Extensor carpi radialis 06 07 

Triceps 07 08 Thl 

Extensor carpi radialis 06 07 

Triceps 07 08 Thl 


Triceps 07 08 Thl 

Extensor carpi radialis 00 07 
Plexor carpi radialis (06) 07 08 


Extensor carpi radiahs CO 07 
Triceps 07 08 Thl 


Extensor carpi radialis 06 07 
Adductor pollicis 07 08 

Triceps 07 08 Thl 


Eone 


Xonc 




Localiza- 

Ixicaliza- 

Oom 

Muscles nith Normal 

tion by 

tion by 

pressed 

Electromyogram 

— K 

Myelogram Operation 

Root 

Deltoid 

05 06 

06 inter- 

06 dish 

07 

Biceps 

Abductor 

05 06 

space 



digiti V 

08 Thl 




Biceps 

05 06 

06 inter 


07 

Abductor 


space 



digit! V 

08 Thl 





Trapezius 

01 04 

06 inter 

06 disk 

07 

Deltoid 

05-06 

space 



Biceps 

05-06 




Triceps 

Abductor 

07 08 Thl 




digit! V 

08 Thl 




Deltoid 


06 inter 

06 disk 

07 

Biceps 


space 



Deltoid 

05 06 

06 inter- 
space 

06 disk 

07 

Deltoid 

05 06 

06 inter- 

06 disk 

V7 

Biceps 

Abductor 

05 06 

space 



digiti V 

08 Thl 




Deltoid 

05 (N3 

06 inter- 

06 disk 

07 

Biceps 

05 06 

space 



Trapezius 

01 04 

06 inter 

06 disk 

07 

Deltoid 

05 06 

space 



Biceps 

05 06 



Triceps 

Opponens 

07 08 Thl 




pollicis 

07 08 




Trapezius 

01 04 

06 Inter 

06 disk 

07 

Deltoid 

05 06 

space 



Biceps 

05 06 



Deltoid 

05 06 


06 disk 

07 

Biceps 

Abductor 

05 06 




pollicis 

brevis 

07 08 




Deltoid 

05 06 

Question 

None 

None 

Biceps 

Extensor 

05 06 

able 

found 


Carpi 

radialis 

00 07 




Flexor 





carpi 

radialis 

06 07 OS 




Triceps 

07 03 Thl 




Deltoid 

05 CO 

Question- 

None 

None 

Biceps 

05 06 

able 05 

found 


COMMENT 

To the electroimographer tliere are certain difteiences in the record- 
ings obtained from muscles in cases of root compression and those in 
cases m which there is a degeneratne process of the anterior horn cell. 
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as m progressive muscular atrophy An electiomyogram from 1 of a 
senes of 20 cases of this disease is shown in figure 2 The muscle dis- 
tribution of abnormalities is, of couise, different m these cases because 
the findings are often bilateral and may occur m the muscles of all four 
extremities In the early stage the fasciculations are often not visible 
to the eye and can be demonstiated only by the electromyograph Fre- 
quently cases are met with in which the only visible fasciculations are 
m the tongue, but the electromyograph may be able to detect them m the 
musculature of the trunk and limbs 

Besides the more diffuse distribution of the abnormalities m these 
cases there are some differences in the pattern of the electrical discharges 
which are found to be constant Although less information about the 
actual electrical event taking place m the muscle can be deduced from 
surface electrodes than from coaxial needle electrodes, some constantly 
occurring features are of interest 



Fig 2 — Electromyograms m a case of progressive muscular atrophj The 
maximum voltage of the highest discharge is 250 microvolts 

In cases of progressive muscular atrophy or amyotrophic lateral 
sclerosis the voltage is almost invariably higher than m cases of root 
compression Voltages of 250 microvolts are commonly met with, 
whereas in cases of axonal lesions, such as root compression and the 
neuritides, the discharges rarely reach this level In the latter cases, 
however, the discharges from any given muscle tend to be even in voltage, 
repeating themselves with the same height of excursion In cases of 
progressive muscular atrophy, on the other hand, they vary in voltage 
in a completely unpredictable way , in fact, the outstanding characteristics 
of these discharges are their irregularity of voltage, of grouping and of 
rhythm No set rhythm of discharge is found, and the grouping is so 
irregular that the spikes may occur singly, or in twos and threes or in 
multiple groups Tlie spikes themselves are rather different from those 
found in cases of root compression, which tend to be almost purely 
diphasic, with perhaps some repetition of low voltage, but m cases of 
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progressive muscular atrophy they are usuall}'^ polyphasic, with one 
spike of maximal voltage placed m the center of others xDf lesser voltage 
As has already been mentioned, any explanation of the processes 
underlying these formations would be pure conjecture, since surface 
electrodes were used, but some features recur so constantly that con- 
jecture is tempting For example, the repetitive spikes of lower voltage 
and even excursion are found in many cases m which an inflammatory 
or irritative condition of the peripheral axon is present, as in peripheral 
neuritis , and in these cases of ruptured cervical disk m which electro- 
myographic abnormalities are found it is likely that these discharges are 
due not so much to impaired conduction as to nutation of the nerve 
fibers Grundfest ° has shown that conduction m nerve fibers is normal 
even under immense pressure On the other hand, m cases of pro- 
gressive musculai atrophy and amyotrophic lateral sclerosis, and of 
heinatomyelia and syringomyelia, in which the anterior horn cell is 
involved, the repetitive discharges of steady low voltage, so typical of 
iriitation of the peripheral neive, are rarely found, and if present at all 
are less persistent 

None of these findings need be confused with the discharges of true 
fibrillation of deneivation, which presumably originate m the sarcolemma 
The fibrillations of denervated muscle fibers are of low voltage and short 
duration (1 to 2 milliseconds) and are not recordable by the mk-writing 
oscillograph generally used in this work Their swiftness of phase 
change necessitates the use of a cathode ray oscillograph It is for this 
leason that the teim "fasciculations” is specifically used throughout 
this paper 

The electromyographic details outlined here have proved m piactice 
to be of considerable aid in the differential diagnosis of earl}’^ anterior 
bom cell disease and lesions of the spinal root The present report 
has laid emphasis on cases of ruptured cervical disk, the clinical diag- 
nosis of these cases has been fully covered by Michelsen and Mixter,® 
who pointed out that the clinical detection and exact distribution of 
the motor deficit in these cases are indefinite because severe pain inter- 
feres with a detailed examination It is in respect to this problem that 
the electromyogram takes its place as a diagnostic aid to the localization 
of ruptured cervucal disk Studies are being made for the application 
of these methods to the localization of ruptured lumbar disks 

5 Grundfest, H , ui Cold Spring Harbor Si mposia on Quantitative Biolog\% 

Cold Spring Harbor, L I , Xew York, The Biological Laboratory, 1936, vol 4 
P 179 ' ' 

6 Michclscn, J J , and Mixtcr, W J Pam and DisabiUu of Shoulder 
•md \riu Due to Herniation of the Xuclcus Pulposus of Ccrncal' Intenertebral 

ko'^cr Ctr\ical Spine, Xew England J Med 231 279-287 (Aug 24) 
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SUMMARY 

The electromyographic findings are reviewed in 10 cases of luptuied 
cervical disk, m 9 of which operation was performed 

In 2 suspected cases of ruptured disk with normal electrom 3 'ograms 
no lesion was observed at opeiation 

The features of the electromyograms found in cases of iintation 
of the nerve root by compiession are contrasted with those m cases of 
anterior horn cell disease 
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IV Quantitative Electroencephalogrophic Study of a Case of Acute 
Arsenical Encephalopathy 

GEORGE L ENGEL, MD 
JOHN ROMANO, MD 

AND 

LEON GOLDMAN, MD 

CINCINNATI 

I N STUDIES of the effects of anoxia, hypoglycemia and alcohol on 
the normal electroencephalogram and the coi relation of these changes 
with the degree of reduction of consciousness, we emphasized the fact 
that the degree of change m frequency in the electroencephalographic 
record may be of more importance than the appearance of any particular 
wave frequency ^ Thus several subjects experiencing comparable reduc- 
tion in consciousness when exposed on different occasions to anoxia, 
hypoglycemia and alcohol all showed the same degree of slowing in 
tlie electroencephalogram, although the final mean frequency varied 
widel) among the dift'erent subjects, depending on the initial mean 
frequency With the rathei mild disturbance in consciousness induced 
in these experiments, abnormally slow waves (7 per second or less) 
appeared only m those instances in which the control records were 
in the slow normal range In contiast, the subject with an abnormally 
fast record (mean frequency, 12 87 cycles per second) had during gross 
alcoholic intoxication a considerably more “normal” record (mean 
frequency, 9 72 cycles per second) 

In the experiments just cited the effects w^ere acute and of brief 
duration, and the cerebial disturbance was of mild intensity and of a 
high degree of reversibility once the noxious factor was removed It 
IS of both practical and theoretic importance to establish the validity 
of this j)i mciple under conditions more likely to be encountered clinically 
In our eailier studies of delirium we w^ere able to follow grossly abnormal 
electroencephalographic patterns back to normal but never had the 

From the Dcpaitmcnts of Psjchiato and Dermatology, Unwersity of Cincin- 
in(i College of Medicine, and Cincinnati General Hospital 

1 (a) Fngcl, G L , and Rosenbaum, M Delirium III Electrocencephalo- 
gr.iphic Cinnges '\ssociatcd with Acute Alcoholic Intoxication Arch Neurol &. 
P‘^\chiat 53 <14 (Jan) 1945 (If) Engel, G L , Webb, J P, and Ferns, E B, 
Tr Qinntilatnc Electroencephalographic Studies of Anoxia in Humans Com- 
piri'-on w ith \cutc \lcohohc Intoxication and Hepoghcemia, J Clin Ineestigation 
24 ffi] f'^cpt'l lf>45 
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oppol tunity to study the electroencephalogram before the development of 
the delirium- In the case of acute arsenical encephalopathy here 
reported electroencephalograms were obtained immediately before and 
during the acute reaction This was an incidental observation during 
a study of the toxicity of Melarsen, a pentavalent arsenical compound 
(sesquisodium salt of N-(/’-arsonophenyl) -melamine) This compound 
contains 20 9 per cent arsenic ® 

Case 1 — K , a 26 year old married woman, was found to have a positive 
Wassermann reaction of the blood in May 1943 Six years before she had delivered . 
a 7 month premature child, who had since been found to have congenital syphilis 
She received one injection of a bismuth preparation and two intravenous injections 
of neoarsphenamine at weekly intervals After the second injection of the arsenical 
compound a rash developed, which lasted three days In August 1943 she received 
one injection of mapharsen, after which she had generalized edema, nausea, and 
vomiting, but no rash In November 1943 she was again examined and was found 
to have positive Wassermann reactions of the blood and cerebrospinal fluid, she 
was referred to the hospital for therapy 

Physical examination revealed a well developed and well nourished woman 
with no abnormalities The neurologic and mental status was normal 

The Wassermann reaction of the blood was positive The blood and urine 
were normal The cerebrospinal fluid was clear and colorless and contained a 
trace of globulin and 18 white blood cells per cubic millimeter (no differential 
count was made) The Wassermann reaction was 4 plus and the colloidal gold 
curve 3355521000 The diagnosis was asymptomatic neurosyphihs 

The patient received 0 5 Gm of Melarsen intravenously on Dec 11 and 16, 
1943 She complained of nausea and vomited once after the first injection After 
the second injection she experienced malaise and a rise in temperature to 100 5 F 
On December 20 a third injection was given After this there developed a pruritic, 
scarlatimform rash, most pronounced on the trunk, general malaise, aching in 
the extremities, with marked muscular tenderness , nausea and frequent emesis , 
slight generalized edema, generalized lymphadenopathy of a mild degree, and 
low grade fever (99 to 101 F ) She complained of severe headache and vertigo 
on movement of the head Neurologic examination revealed no changes from the 
previous condition The patient was drowsy and inattentive, and examination 
of the mental status revealed evidence of increased fluctuation of the level of 
awareness 

At the height of the reaction, the urine showed a trace of albumin, with 
occasional red cells and ivhite cells, and the cerebrospinal fluid contained 72 white 
cells per cubic millimeter (differential count not made), and a total protein of 
110 mg per hundred cubic centimeters 

Severe symptoms continued for five days and then gradually subsided over 
the course of ten days A lumbar puncture repeated six days after the one 
indicated in the preceding paragraph revealed an initial pressure of 90 mm of 

2 Romano, J , and Engel, G L Delirium I Electroencephalographic Data, 
Arch Neurol & Psychiat 51 356 (April) 1944 Engel, G L, and Romano, J 
Delirium II Reversibility of the Electroencephalogram with Experimental Pro- 
cedures, ibid 51 378 (April) 1944 

3 Melarsen was furnished by Parke, Davis & Company, Detroit This 
work was done in part under a grant from Parke, Davis & Company 
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water, 58 white cells (94 per cent mononuclears) per cubic millimeter and a total 
protein of 23 mg per hundred cubic centimeters All specimens of the spinal fluid 
gave a positive Wassermann reaction The patient was seen several months after 
her discharge from the hospital There were no abnormal findings, but the sero- 
logic reactions of the blood were still positive Penicillin therapy was recom- 
mended to her physician 

Elect) ocncephalogi aphtc Studies (figure) — The method of analysis was that 
previously described ib All analyses were made on the tracing from the left 
fronto-occipital area 

December 11 Tracings were taken before, during and two hours after the 
first intravenous injection of 0 5 Gm of Melarsen These revealed a fairly 
regular pattern^ with a dominant frequency of 11 to 12 cycles per second and 
a mean frequency of 11 51 to 11 53 cycles per second The three records were 
similar 

December 24 This record was taken at the height of the sensitivity reaction 
It revealed a much less regular and a generally slower rhythm, the mean fre- 
quency on analysis of the tracing from the fronto-occipital area being 9 12 cycles 
per second (range, 7 to 12 per second) The slowing was greater m the frontal 
areas, where occasional 6 per second waves were noted, rarely appearing m bursts 
December 31 The patient was recovering but still exhibited mild symptoms 
The record showed a more regular and faster rhythm but had not as yet returned 
to the control pattern The mean frequency was 10 69 cycles per second 

COMMENT 

From the previous history it is apparent that this patient was 
sensitive to tnvalent arsenic At the initial examination she presented 
no physical signs or symptoms of active syphilis and was regarded as 
having asymptomatic neurosyphilis Examinations of the neurologic and 
mental status revealed no significant abnormalities The electro- 
encephalogram taken before treatment was normal, and a record taken 
during and two hours after the first injection of Melarsen (0 5 Gm 
intravenously) revealed no changes, indicating that there was no direct 
or immediate effect of the drug on the electroencephalogram The check 
m the mean frequencies also gives an indication of the reproducibility of 
the frequency count Similar studies on 3 other patients also failed to 
reveal any immediate effect of injections of amounts up to 1 Gm of 
Melarsen intravenously 

The reaction began two to three days after the first injection and 
reached its peak after the third injection The syndrome, characterized 
by fever, nausea, vomiting, generalized edema, albuminuria, scarlatini- 
form eruption, pruritus, myalgia, generalized lymphadenopathy, head- 
ache and mild delirium, with increased protein and cells in the cerebro- 
spinal fluid, was of the serum sickness type of drug hypersensitivity ^ 
It has not been common for patients to be sensitive to both tnvalent and 
pentavalent organic arsenicals 

4 Longcope, W T Serum Sickness and Analogous Reactions from Certain 
Drugs, Particularly the Sulfonamides, Medicine 22 251 (Sept ) 1943 
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The magnitude of the pathologic changes in the central nervous 
system m this case is unknown, but they must have been minor, since 
the mortality m cases of seveie aisenical encephalopathy is high Rose- 
man and Armg° emphasized the essential vascular origim of the 
pathologic changes m the central neivous system, with the swelling of 
the vascular endothelium, and often occlusion, of the small vessels 
Per'ivasculai neciosis occuis m relation to the alteiations m the small 
vessels The nonspecific findings of so-called vasopai alysis have also 
been noted ® These vasculai lesions are obviously generalized, and not 
confined to the cential nervous system ‘ 

In oui patient the arsenical medication was discontinued at a time 
when the leaction was still leadily leversible The diffuse endothelial 
swelling very likely altered the exchange of gases, substrate and electro- 
lytes between the blood stream and the pai enchyma of the brain, leading 
to interfeience with cellulai metabolism and perhaps to changes m the 
cell membiane Products of the local vascular mflammatoiy leaction, 
with resultant edema, ma)^ also have contributed 

The magnitude of this effect could be estimated by the quantitative 
change in the mean frequency m the electi oencephalogram, which was 
of the same oi dei as the frequencies obseiwed m our earliei experiments 
with acute alcoholic intoxication The degree of change in con- 
sciousness was loughly comparable It is noteworthy that the electro- 
encephalographic pattern at the time of maximum change would still be 
considered only in the category of borderline abnormal, yet the change 
from the control lecord was considerable On inspection, the only feature 
likely to attract attention was the presence of occasional 6 per second 
waves in the frontal area There was definite, but not striking, loss 
of regularity If a control recoid had not been available, the significance 
of this electroencephalographic feature might easily have been overlooked 

Thus, when a “normal” record is obtained on a patient who manifests 
some disturbance m consciousness of recent and acute origin, it cannot 
be considered normal for the particular subject until a record is obtained 
aftei recovery and some estimate of the degree of change can be made 

SUMMARY 

Quantitative electroencephalographic studies were carried out on 
a patient who manifested an acute reaction to a pentavalent arsenical 
compound, Melarsen The patient was known to be sensitive to trivalent 
arsenic and exhibited a reaction of the serum sickness type, with 

5 Roseman, E, and Aring, C D Encephalopathy Following Neoarsphen- 
amine Therapy, New England J Med 224 550 (March 27) 1941 

6 Scheinker, I M Genesis of Encephalopathy Due to Arsphenamme (Cen- 
tral Vasoparalysis Due to Arsphenamme), Arch Path 37 91 (Feb) 1944 
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evidence of mild diffuse encephalopathy The electroencephalograms 
obtained before and two hours after the first injection of the arsenical 
drug were normal and yielded a mean frequency of 11 51 to 11 53 cycles 
per second The record at the height of the reaction was only “border- 
line abnormal ” It revealed a slowing in mean frequency to 9 12 cycles 
per second, but there were only rare waves of a frequency less than 
7 per second This study, again, emphasizes the importance of 'the 
degree of change in the electroencephalogram rather than the appearance 
of any particular wave frequency 

University of Cincinnati College of Medicine 



CHRONIC PSYCHOSES AND ADDICTION TO MORPHINE 

A Z PF^FFER, MD* 

AND 

DOROTHY CLEEK RUBLE, MS 

Assistant Psychologist, United States Public Health Service 
LEXINGTON, KY 

T he psychoses altnbuted to the use of moiphme may be 
classified as follows (1) chionic psychoses due to habitual use, 
(2) psychoses due to withdrawal, and (3) psychoses due to idiosyn- 
crasy 

At the United States Public Health Seivice Plospital, Lexington, 
Ky , which is devoted primai ily to the li eatment of di ug addiction and 
at which this stud} was made, there has been little experience with the 
last type (psychoses due to idios}nciasy), since the patients are addicts 
and therefore habitually use laige doses of morphine However, it has 
been stated that this type of psychosis does occur ^ but is raie and occuis 
more frequently m women It is chaiacterized by excitement oi deliiium 
Psychoses due to withdiawal constitute a separate pioblem 

This study is conceined with an evaluation of the fiist type, chionic 
psychoses due to habitual use of moiphine “Psychoses due to opium 
or its derivatives” is listed m the “Standaid Nomenclature of Diseases ” - 
These psychoses aie described m the “Statistical Manual,” published by 
the National Committee for Mental Hygiene,® as “psychotic reactions 
appearing in the habitual users of opium and paiticulaily its derivative 
morphine Such effects appeal to show themselves in mental deteriora- 
tion with demonstrable memory defect as well as ethical and social 
detei loration ” 

Von Krafft-Ebing,‘ Edmunds and Gunn,® Lambert,® Bell" and 
Sandoz ® all expi essed the opinion that the habitual use of morphine 

From the United States Public Health Service Hospital, Lexington, Ky 
* Formerly Passed Assistant Surgeon (R), United States Public Health 
Service , now at Bellevue Hospital, Psychiatric DNision, and the Department of 
Psychiatry, New York University College of Medicine 

1 Goodman, L , and Gilman, A Pharmacological Basis of Therapeutics, 
New York, The Macmillan Company, 1941 Bastedo, W A Materia Medica, 
Pharmacology and Therapeutics, Philadelphia, W B Saunders Company, 1934 
2 Standard Nomenclature of Disease, edited by E P Jordan, Chicago, 
American Medical Association, 1942, p 100 

3 Statistical Manual for Use of Hospitals for Mental Diseases, ed 7, New 
York, The National Committee for Mental Hygiene, 1936 
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causes this type of psychosis Von Krafft-Ebing stated “In severe 
cases we find weakness of memory and occasionally 

visual hallucination ” Edmunds and Gunn ° wrote “Eventually melan- 
cholia and dementia may follow the long use of opium and especially 
of morphine ” Lambert ® stated “Consideimg the symptoms, memory 
IS one of the faculties first affected and the amnesia is similar to the 
beginning of senile dementia ” On the other hand, man}'^ authors have 
questioned the statement that the habitual use of morphine causes a 
psychosis Among these were Dana,® Chotzen,’® Schneider and Kolb 
The last-mentioned states 

Intellectual deterioration is apparently ne\er due to the use of an opiate 
alone Cocaine is a much more injurious drug, and it seems that most of 

those who have deteriorated have used both an opiate and cocaine 

There is no destruction of protoplasm such as follows prolonged excessive use of 
alcohol Neither nerve cells nor fibers degenerate, consequently the drug cannot 
produce diseases analogous to Koraskoff’s psychosis, acute hallucinosis, or alcoholic 
multiple neuritis 

If opium and its derivatives cause psychoses, one would expect the 
incidence of psychoses to he higher among addicts than in a comparable 
group of nonaddicts Of approximately 600 male piisoners with addic- 
tion to morphine in this institution at the time of writing, 13, or 2 per 
cent, are classified as psychotic The aveiage length of sentence for 
the 600 patients is tw'o and a half }'^ears Using the data of Hobhouse 
and Brockway, the incidence of psychoses m prisoners with the same 
average length of sentence who aie not addicts would be approximately 

4 von Krafft-Ebmg, R Textbook of Insanitv, Philadelphia, F A Davis 
Co, 1905 

5 Edmunds, C W , and Gunn, J A , in Cushnv, A R A Textbook of 
Pharmacology and Therapeutics, Philadelphia, Lea & Febiger, 1936 

6 Lambert, A Intoxicants and Narcotics, m Nelson’s New Loose-Leaf 
Medicine, New York, Thos Nelson & Sons, 1920, vol 2, p 555 

7 Bell, M Morphinism and Morphmomania, New York M J 93 680, 1911 

8 Sandoz, C E Report on Morphinism to the Municjpal Court of Boston, 
J Am Inst Criminol 13 10, 1922 

9 Dana, C L Problems of Drug Addiction, M Rec 93 177, 1918 

10 Chotzen, F Zur Kenntnis der Psychosen der Morphiumabstinenz, Allg 
Ztschr f Psychiat 63 786, 1906 

11 Schneider, K Zur Frage der chronischen Morphmpsychose und des 
Zusammenhangs von Sinnestauschungen und Wahnideen, Ztschr f d ges Neurol 
u Psychiat 19 25, 1913 

12 Kolb, L Pleasure and Deterioration from Narcotic Addiction, Ment Hjg 
9 699, 1925 

13 Hobhouse, S, and Brockwaj, A F English Prisons Today, London, 
Longmans, Green & Co , 1922, pp 520-529 
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2 per cent This indicates that there is not an increased incidence of 
psychoses in peisons with addiction to morphine 

In an effort to find changes nhich might be termed chaiactenstic 
of a morphine psychosis, 19 morphine addicts with chionic psychoses 
following withdiawal of the drug weie examined duimg the course of 
one year They had used moiphine habituall}’- , a few had occasionally 
used dihydromorphmone hydi ochioride (Dilaudid), Pantopon (a pio- 
prietary preparation containing the total opium alkaloids), opium, 
diacetylmoiphine (heiom) oi cocaine The diagnoses for these 19 
patients are given m table 1, they fall into the usual categoiies Four 
patients had an organic type of intellectual deterioration Two of these 
men had dementia paralytica , 1 had been chi omcally alcoholic for forty 
years, and another’s disease was diagnosed as psychosis with cerebral 
arteriosclerosis 


Table 1 — Chomc Psychoses in Pahcnts Addicted to Moiphine 



Xumber of 

Average Length of 


Patients 

Addiction, Tears 

Schizophrenia 

0 

20 

Paranoid tjpc 7 


20 

Mixed type 2 


21 

Dementia paralytica 

2 

23 

Psychoses with orgamc disease of brain 

1 

31 

Psychoses with cerebral arteriosclerosis 

1 

5 

Psychoses with epilepsy and traumatic damage to brain 

1 

Si 

Alcoholic deterioration 

1 

40 

Psychoses with mental defleiencj 

1 

14 

Psychoses with psjchopathic personalitj 

1 

12 

Paranoid conditioh 

2 

14 


19 

20 


One schizophrenic patient expressed guilt feelings concerning the 
use of narcotics and other antisocial acts Accusing voices told him to 
stop these practices Another patient with schizophrenia stated that 
voices asked him m a friendly manner when he was going to stop 
using morphine A third patient, given a diagnosis of schizophrenia 
prior to the use of narcotics, had a persecutoiy delusional system and 
auditory hallucinations concerning morphine, narcotic agents and the 

14 Hobhouse and Brockway found that the ratio of psychoses to the number 
of sentences increases with the length of the sentence imposed In sentences under 
one month the incidence is less than 0 01 per cent This rate rises to 0 07 per cent 
for sentences of three months and continues to increase much more rapidly than the 
length of the sentence Prisoners sentenced for one year have a rate of 04 per 
cent, those sentenced for five years, a rate of 3 8 per cent and those sentenced to 
twenty years, a rate of 24 per cent With these data, it was determined by inter- 
polation that the incidence of psychoses corresponding to a sentence bi 2 5 years 
would be approximately 2 per cent 
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government In these patients, however, ideas concerning narcotics 
formed only a small fi action of then total abnormal thought content 
It appealed that these ideas weie not peculiar to a morphine psychosis 
but, rather, weie incidental to the fact that the existence of these psy- 
chotic patients was laigely concerned with the procuring and using of 
narcotics, ideas concerning narcotics were simply woven into typical 
schizophrenic delusions and hallucinations 

Except for occasional concern with narcotics, as already indicated, 
the delusions and hallucinations of these 19 patients were not unusual 
for the diagnoses listed The general behavior, stream of talk, affect, 
sensorium and insight weie likewise not unusual Memory defects 
and deterioration were compatible with these diagnoses No features 
peculiar to a morphine ps 3 ’'chosis weie found 

The Roischach test was given to 6 men addicted to morphine who 
had a clinical diagnosis of schizophrenia Patterns indicative of schizo- 
phrenia were found The records weie characterized by extreme vari- 
ation m form quality of the responses, one of the most reliable signs 
of schizophrenia Contamination, which is found in adults only among 
schizophrenic persons,^'' appeared m 3 of the 6 records Whole 
responses increased, together with a decrease in their quality Con- 
fabulatory wholes were piesent in 2 records The number of M 
responses was decreased for all records The M to C ratio showed 
a domination of color over movement All the records were high in 
CF and C responses, with few, if any, FC responses Abstract and 
personal leferences occurred frequently 

The Rorschach factors correlated with the clinical findings Failure 
of the patient’s control was shown in the lower percentage of F-[- 
responses or in a high percentage of F responses wuth a large number 
of F — responses Absence of differentiated shading (FK or Fc) also 
indicated this lack of control The inability of the schizophrenic patient 
to handle everyday situations as a result of his lack of contact with 
reality, togethei wuth his futile though ambitious attempts to achieve 
recognition, was shown in the approach, wdiich was characterized by 
crude or confabulated wholes and a lack of D responses Attention to 
tiny details, representing preoccupation with inconsequential and unim- 
portant things, w^as found The lack of human movement responses 
corresponds to a lack of constructive inner life Blocking was showm 
in a rejection of cards and in application of abstract and personal 
1 eferences 

Because it has been stated ® that m the psychoses due to opium and 
its derivatives there is a “mental deterioration with a demonstrable 
memory defect,” special attention was given this aspect of the problem 

IS Klopfer, B , and Kelley, D The Rorschach Technique, Yonkers-on- 
Hudson, N Y, World Book Companj, 1942, p 354 



PFEFFER-RUBLE— PSYCHOSES AND MORPHINE ADDICTION 669 


The Shipley-Haitfoid Retieat Scale was used in this study for the 
measurement of intellectual deteiioration This scale consists of a 
vocabulary test and an abstiact thinking test, to be used together Both 
aie self administering The vocabulaiy test is comprised of forty 
items of the multiple choice type Each of the items consists of a 
test word foi which the patient must select and underscore from four 
woids the appiopriate synonym The abstract thinking test is com- 
prised of twenty items of the completion type Each item requires the 
subject to induce a general principle and deduce a specific answer The 
degree of deterioration is expiessed as the conceptual quotient It 
lepresents the latio of the patient’s abstiact thinking ability to his 
vocabulaily level Thus, this test makes use of the fact that in mental 
deterioration vocabulary is relatively preserved, whereas there is a 
striking loss of abstract, oi conceptual, thinking 

Six of the patients with a diagnosis of schizophrenia were given 
the Shipley-Hartford Retreat Scale and had a median conceptual quotient 
of 75, indicating some intellectual impairment However, Shipley and 
Burlingame found the median conceptual quotient for 96 schizophrenic 

Table 2 — Cmttols and Motphtne Addicts Equated joi Age and Education 



Age, Yr 

Education 

Drug History, Tr 

Controls 

39 C 

no 

None 

Addicts 

40 C 

n 0 

12 7 


patients in a state hospital to be 65 When the i esults for prn^ate and state 
hospital patients were combined, the median conceptual quotient was 
75 These results suggest that these 6 psychotic patients with addic- 
tion to morphine were not more deteiioiated than a group of schizo- 
phrenic patients who did not have the addiction 

In a furthei attempt to evaluate morphine as a cause of mental 
deterioration, the Shipley-Hartford Retreat Scale was administered 
to 25 nonpsychotic patients who had been addicted to use of morphine 
for periods varying from three to twenty years, with a mean of 12 7 
years The results were compared with those for 25 attendants at this 
institution The data for these two groups were equated for age and 
education The mean age, education and history of diug addicts are 
shown in table 2 It is noted that the two groups were comparable in 
age and education 


16 Shipley, W , and Burlingame, C A Convenient Self-Administenng Scale 
for Measuring Intellectual Impairment in Psychotics, Am J Psychiat 97 1313, 1941 

17 Babcock, H An Experiment in the Measurement of Mental Deterioration, 

Arch Psychol 18 105, 1930 Gelb, A and Goldstein, K Psychologische 
Analjsen hirnpathologischer Falle TJeber Farbenamnesia nebst Bemerkungen 
uber das Wesen der amnestischen Aphasie. Psychol Forsch 6 127, 1924 . 
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Comparison of the peifoimance of the two groups on the Shipley- 
Hartfoid Retreat Scale is shown in table 3 

The ratio of the diffeience to the probable error of the differences 
(D RED) IS 1 9 This ratio must be at least 4 to insure significant 
superiority of one gioup over another It is obvious, therefore, that 
the use of morphine has not increased mental deterioiation, as measured 
by this scale in a group of addicts and compared with the results for 
a control group equated for age and education Brown and Parting- 
ton found no differences between attendants and patients addicted 
to drugs, using a battery of tests which included the Wechsler-Bellevue 
test, the Ferguson form boards, the Knox cubes and the Healy Picture 
completion test 

The addict suffeis ethical and social regiession, but, as pointed out 
b}’’ Kolb,^" this IS not due to the direct effect of narcotics but, rather, is 
a result of social consequences of the life of addiction In most addicts 
a sufficient amount of a narcotic produces a lethargy and ambition is 
decreased Less attention is paid to occupation Frequently the addict 


Table 3 — Scores on Slttpley-Hatifotd Reheat Scale jot Controls and 
Addicts Expressed as the Conceptual Quotient 



Mean 

Standard Deviation 

Controls 

85 C 

5 2 

Addicts 

836 

67 


stays away from work because of discomfort due to an insufficient 
amount of the narcotic or because he must look for the drugs Many addicts 
associate with criminals in oider to continue their supply of drugs The 
need for sufficient money to maintain a “habit” frequently leads to steal- 
ing He IS held in contempt by others He fears arrest and incarceration 
All these factors lead to ethical and social regression, but intellectual 
deterioration in the psychologic sense has not been demonstrated 

The following case illustrates many of the pertinent observations of 
this study 

Paianoid schtsophrema in a patient with ding addiction 

A white man aged 50 was the product of a congenial middle class home, of 
average economic, social and cultural levels Except for an excessively close 
attachment to his mother, no other significant factors in his early development 
were elicited 

His criminal career dated from at least the age of 19, when he was arrested 
for petit larceny His record since that time revealed arrests for shop lifting, 
automobile theft, grand larceny, robbery, vagrancy and violation of narcotic laws 

18 This measure provides a way of telling whether one group is significantly 
superior to another group 

19 Brown, R, and Partington, J The Intelligence of the Narcotic Drug 
Addict, J Gen Psychol 26 175, 1942 
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The onset of addiction was in 1914, at the age of 20, b}' smoking opium, a 
habit which he continued until 1928, when he began to use diacetjdmorphme He 
later changed to morphine Since 1914 he had abstained from drugs for only a few 
dajs at a time Even while incarceiated he was able to obtain narcotics He gave 
curiosity and associates as the reasons for first using drugs 

When admitted to this hospital, he did not show signs of physical dependence 
on narcotic drugs Piiysical and neurologic examinations and laboratory tests 
revealed an essentially normal condition He was placed in the general hospital 
population Approximately eight weeks later he was admitted to the neuro- 
ps} chiatric ward because of “increasing tension ” 

He stated tliat twenty years before he first began to feel the effects of machines 
that spoke to him about obscene sexual matters This was ten 3 ’-ears after the onset 
of addiction This hallucination persisted for two yeais It recurred ten years 
later and continued for several years, and recently these machines had begun 
to bother him again 

The patient appeared tense and suspicious He moved his right shoulder in a 
mannenstic fashion, explaining that his arm seemed '^lazy” and was coming off 
He felt electric currents going through Ins arm Occasionally during interviews 
he stood up and said tliat the electricitj’’ used on him made him feel uncomfortable 
He touched the area over his heart, saying that he did this because his heartstrings 
were broken when his mother died He occasionally showed blocking. Ins speech 
was usually evasive, and frequently he used neologisms He showed a high degree 
of tension, and when discussing his delusions he became tearful and asked that no 
further harm be done to him Affect was labile and at times inappropriate 

There were elicited loosely organized delusions of persecution He expressed 
the belief that the government and particularly the research department at this 
institution were using various machines and electricity to change his bod}’’ He 
said they put a moving picture machine in his stomach, and in the reflection in his 
ej’es he was able to see the movies He stated that they had performed an 
operation on him by means of the radio, they had removed parts of his body and 
changed its shape He felt taller than he used to be At times his ribs seemed 
hazj’ to him He said that his vision had become dimmer and his palate harder 
Occasionally he expressed the idea that all this was being done to remove the effects 
of morphine from his body However, usually he felt that these experiences resulted 
from a plan to persecute him He expressed strong guilt feelings regarding 
antisocial behavior, including the use of drugs He heard people over the radio 
refer to incidents that had occurred to him in the past 

While awake he heard his wife and brother outside his room talking to him 
about his various troubles, including his present commitment, but he said he was 
too tired to go out and see them at the time He was well oriented with respect to 
time, place and person General information was good Calculations were well 
done There was no impairment of recent or remote memory He had no insight 

COMMENT 

It IS noted that the patients with morphine addiction studied were 
not using narcotics at the time of examination It has been observed 
here that the results of psychometric measurements given while the 
patient is still using morphine, or soon after withdrawal, are similar 
to the results obtained for deteriorated patients This probably accounts 
for some of the published reports of deterioration in peisons with 
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morphine addiction Thus, the recent memory defect is temporary and 
quickly reversible and should not be considered intellectual deterioration, 
any more than an acutely alcoholic patient would be called deteriorated 
because of poor recent memory and difficulty m calculating The persis- 
tent delusions and hallucinations exhibited by persons with morfihine 
addiction are explainable on the basis of various organic and functional 
psychoses, to which morphine addicts, like all people, are susceptible 

An estimation of intellectual deterioration should not be made while 
the patient is still receiving morphine In order to eliminate false find- 
ings, at least six weeks should elapse after withdrawal of the drug to 
allow foi adequate recovery One must be certain that the patient has 
not recently used baibiturates or alcohol Although the use of alcohol 
and morphine together is relatively rare, some addicts do use large 
amounts of both, and the presence of alcoholic deterioration should be 
considered in such patients In some cases neurosyphihs accounts for 
the deterioration 

SUMMARY 

1 The incidence of psychoses (2 per cent) among incarcerated 
persons with morphine addiction was no higher than that (2 per cent) 
in a comparable group of prisoners without addiction, an observation 
indicating that the chronic use of morphine is not a cause of psychoses 

2 The psychoses of 19 persons with morphine addiction fell into 
the usual diagnostic categories Neurologic and psychiatric exami- 
nations failed to reveal anything characteristic of a psychosis due to 
morphine 

3 Six schizophrenic persons with addiction to morphine were given 
the Shipley-Hartford Retreat Scale and were found to be no more 
deteriorated than a control group 

4 Twenty-five nonpsychotic patients with morphine addiction who 
had used morphine and other narcotics for a mean period of 12 7 years 
were given the same test and were not found to be deteriorated 

CONCLUSION 

The data of this study indicate that the habitual use of morphine 
does not cause a chronic psychosis or an organic type of intellectual 
deterioration 

Bellevue Hospital, Psychiatric Division, New York 

United States Public Health Service Hospital, Lexington, Ky 



bromine content of the blood in mental diseases 

II Manic-Depressive Psychosis 
HELEN L WIKOFF, PhD 
THEODORE MARVIN, MD 

AND 

RICHARD L MARTIN, MD 
COLUMBUS, OHIO 

I N A previous paper/ a survey of the literature dealing with blood 
bromides in mental diseases was piesented Several investigators-' 
have made blood bromide studies of patients with manic-depressive 
psychosis Zondek and Biei/'^ m 1931, reported that in 29 out of 34 
cases of manic-depressive psychosis studied the blood bromine content 
was from 40 to 60 per cent below the normal value (1 mg per hundred 
cubic centimeters) established by them These investigators obtained 
an average value of 0 572 mg per hundred cubic centimeters for the 
34 cases but did not state whether the patients were in the manic or in 
the depressed stage Sacristan and Peraita^'’ analyzed the blood of 
13 women classified as manic, hypomanic or melancholic and obtained 
bromine values ranging from 0 161 to 0 684 mg per hundred cubic 
centimeters, with an average value of 0 423 mg All these values 
were lower than the normal values obtained by the same method Hen- 
nelly and Yates,"® using a new and more accurate analysis of their 
own, examined the blood of 7 male patients with manic-depressive 
insanity They reported that the bioraine content was low in 5 patients 

From the Department of Physiological Chemistry, the Ohio State University 
College of Medicine 

The present investigation was made possible through the courtesy of the staff 
of the Columbus State Hospital for the Insane, Dr J F Bateman, Superintendent 
Drs Rothermich, Michael and Whittenbrook, selected the patients and furnished 
the diagnosis for this study 

1 Wikoff, H L , Martin, R L , and Marvin, T R Bromine Content of the 
Blood in Mental Diseases I Dementia Precox, Arch Neurol & Psychiat 
53 305 (April) 1945 

2 (o) Zondek , H , and Bier, A Brom im Blute bei manisch-depressivem 
IrreseiUj Biochem Ztschr 241 491, 1931 (6) Sacristan, J M , and Peraita, M 

Ueber den Bromspiegel des Blutes bei manisch-depressivem Irresein, Klin 
Wchnschr 12 469, 1933 (c) Hennelly, T J , and Yates, E D Blood Bromine in 
the Psychoses, J Ment Sc 81 173, 1935 {d) Meier, C A , and Schlientz, W 

Neuere Untersuchungen uber den Bromspiegel im Blut bei Psychosen, Kim 
Wchnschr 15 1845, 1936 (e) Chatagon, P , and Chatagon, C Le metabolism 

du brome dans I’organisme humain, Compt rend Acad d sc 202*1119, 1936 
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but stated that there was no correlation between the bromine content 
of the blood and the phase of the psychosis Meier and Schhentz,^*^ 
studying the bromide content of the blood of patients with psychoses, 
included 10 patients with manic-depressive psychosis Four of these 
patients were in the manic phase and 6 in the depiessive phase Later, 
when 1 of the patients previously m the manic phase entered the 
depressive phase, his blood bromides were redetermined These authors 
stated that the blood bromides were low m patients with manic- 
depressive psychosis, an observation confirmed m all but 2 of their 
cases Pierre and Camille Chatagon found that the blood bromine 
values were higher than normal m 23 out of 31 cases of manic-depressive 
psychosis which they had studied 

Because the results obtained by previous investigators were not 
in agreement, and because the total number of cases repoited by any 
of these workers was relatively small, an extensive study of the 
blood bromide content of patients with manic-depressive psychosis 
was made 

The subjects chosen had all been inmates of the Columbus State Hospital for the 
Insane for more than three months, and some had been in residence there for 
more than ten years 

The method of bromide analysis previously devised by one of us (H L W ) ® 
was used for this investigation The accompanying table gives the results for 116 
patients with manic-depressive psychosis In 5 instances the same patients were 
reexamined at a later date Eighty-three (68 6 per cent) of the determinations 
were made while the patients were in the stage of remission, 27 (20 3 per cent), 
while in the manic stage, and 11 (91 per cent), while in the depressive stage 

Since in the majority of the patients the condition was m a stage of 
remission when samples of blood were draun, the general average for 
bromine (0 459 mg per hundred cubic centimeters of whole blood) for 
all the patients was greatly influenced by this group Sixty of the 83 
subjects in the remission stage (72 4 per cent) had less than 0 459 
mg of bromine per hundred cubic centimeters of whole blood, while 
only 70 of the entire series of 116 subjects, or 60 3 per cent (72 of 
121 determinations, or 59 5 per cent), had less than the average 
amount (0 459 mg) Although the bromine content for all subjects 
ranged from 0 08 to 2 66 mg per hundred cubic centimeters of blood, 
actually there were only 7 whose bromine value exceeded 1 mg pei 
hundred cubic centimeters 

The 83 subjects m the remission stage had an average of 0 349 mg of 
bromine per hundred cubic centimeters of blood, with 50 (60 5 per cent) 
of them having less than the average amount of bromine The individual 
amounts ranged from 0 08 to 0 90 mg per hundred cubic centimeters 

3 Wikoff, H L , Bame, E , and Brandt, M A Method for the Determi- 
nation of Bromide in a Protein-Free Filtrate, J Lab &. Clin Med 24 427, 1939 
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The limited number of patients in the manic and m the depressive 
stage does not seem to wan ant conclusions foi these groups at this 
time However, it may be noted that the average biomme values for 
the patients in these two gioups, 0 728 and 0629 mg, respectively, 
weie lowei than the aveiage value (081 mg of bromine per hundred 

Biomxnc Content of Blood of Patients with Mamc-Depi esswe Psychoses 


Kcmission Stage Manic Stage Depressive Stage 

X __ _ .—A ! , - 


’ 


Bromine. 



Bromine, 

' 


Bromine, 



Bromine, 


Mg /lOO Cc 

Mg /lOO Cc 


Mg /lOO Cc 


Mg /lOO Cc 

Case 


Whole 

Case 


Whole 

Case 


Whole 

Case 


Whole 

^0 

Age 

Blood 

No 

Age 

Blood 

No 

Ago 

Blood 

No 

Age 

Blood 

Males 



Females 


Males 



Males 



1 

59 

0 32 

44 

54 

018 

84 

68 

0 40 

108 

48 

0 92 

0 

55 

0 57 

45 

60 

0 40 

85 

72 

0 50 

109 

00 

0 45 

o 

o 

72 

0 48 

46 

88 

014 

86 

51 

0 47 

no 

67 

0 80 

4 

GO 

0 50 

47 

73 

013 

15* 

40 

0 49 

111 

58 

0 34 

5 

CS 

0 30 

48 

71 

012 

87 

55 

0 55 

23* 

40 

0 36 

c 

05 

0 32 

49 

65 

010 

88 

00 

0 00 

112 

69 

064 

7 


0 40 

50 

55 

015 

89 

41 

0 75 




8 

4G 

0 90 

51 

00 

0 20 

89* 

45 

0 04 

Females 


9 

C3 

0 73 

52 

50 

on 

90 

03 

2 00 




10 

60 

0 67 

53 

53 

019 


(restrained) 

113 

72 

0 94 

11 

63 

0 34 

U 

40 

0 32 

90* 

09 

0 54 (not 

114 

42 

0 76 

12 

47 

0 45 

55 

52 

0 48 



restrained) 

115 

58 

0 94 

13 

54 

0 35 

50 

00 

007 

91 

08 

0 71 

102* 

38 

0 22 

14 

07 

0 41 

57 

53 

013 

92 

64 

0 50 

no 

46 

0 55 

15^ 

4o 

0 67 

58 

52 

0 27 

93 

03 

013 




1C 

09 

0 23 

59 

70 

038 
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50 

0 21 

00 

42 

034 
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33 

0 49 

01 

04 
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19 

81 

0 22 

02 

54 

0 31 

94 

08 

0 50 




20 

71 

0 02 

63 

01 

0 41 

95 

03 

098 




21 

30 

0 49 

04 

62 

0 25 

96 

01 

0 38 
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65 

010 

05 

56 

017 

97 

77 

077 
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41 

0 77 

06 

40 

008 

98 

40 

0 32 




24 
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67 

55 
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99 

47 

0 42 




25 

4S 

0 59 

68 
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63 
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69 
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35 

0 41 
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48 
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57 
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cubic centimeters of blood) previously determined ^ for normal healthy 
persons residing m Columbus Eighty per cent of the blood bromine 
values for the normal subjects differed from the average value by 
less than 02 mg per hundred cubic centimeters, but only 50 8 per 
cent of the values for the manic-depressive group were within 0 02 

4 Wikoff, H L , Brunner, R A , and Allison, H W The Normal Bromine 
Content of the Blood of Healthy Individuals, Am J Chn Path 10 234, 1940 
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mg of the average value While the subjects with dementia precox 
previously studied ^ also had less bromine m the blood than the normal 
persons, 80 per cent of them had blood bromine values differing from 
the average amount by less than 0 02 mg per hundred cubic centimeters 

SUMMARY 

Of the 116 patients in this series, 83 were in the stage of remission 
The average bromine content of the blood of these 83 patients was 
found to be 0 349 mg per hundred cubic centimeters This value is 
considerably lower than the average (0 81 mg per hundred cubic 
centimeters of blood) obtained by the same method for normal persons 
residing in the same city 

Twenty-seven patients in the manic stage had an average blood 
bromine content of 0 728 mg per hundred cubic centimeters Eleven 
patients in the depressive stage had an average blood bromine content 
of 0 629 mg per hundred cubic centimeters 

For both the manic and the depressive patients, the average value 
for blood bromine was appreciably higher than the average for patients 
in the remission stage However, the average for each group, in 
manic and depressive stages and m remission, is below that for normal 
persons living in the same city 

In only 10 of the entire senes of 116 patients was the amount of 
bromine in the blood above the average found for normal persons 

Ohio State University College of Medicine 



CEREBRAL DYSRHYTHMIA AND PSYCHOPATHIC 
PERSONALITIES 

' A Study of Ninety-Six Consecutive Cases in a Military Hospital 
LIEUTENANT COLONEL BENJAMIN SIMON 
MAJOR JAMES L O'LEARY 

AND 

MAJOR JAMES J RYAN 

MEDICAL CORPS, ARMY OF THE UNITED STATES 

R ecent communications report a high proportion of electro- 
encephalographic abnoimahties among peisons with behavioi 
disorders (Hill and Watteison/ Silverman/ Knott and Gottlieb® and 
Silverman and Rosanoff ^ ) Their findings suggest that oi game factors 
should be weighed more heavily in considering the etiolog}^ of 
psychopathic states 

The chief psychiatric connotations of psychopathy are widely under- 
stood Cleckley,® Darling® and otheis have suggested that the condition 
arises from a defective development of the superego, and constitutional 
factors have been emphasized b}’- Hendeison" and others For our 
purpose, it appeared unwise to deviate from the view that the diagnosis 
“constitutional psychopathic state” should be made only when the 
longitudinal study of the patient’s personality presents sufficient evidence 
for the formulation of a valid psychodynamic interpretation of that 
entity HoAvever, partial manifestations of the psychopathic character, 
often considered as identical with the condition per se, may occur in 

From the Neuropsychiatnc Service, Mason General Hospital, Brentwood, 
N Y 

1 Hill, D , and Watterson, D Electroencephalographic Studies of Psycho- 
pathic Personalities, J Neurol & Psychiat 5 47-65, 1942 

2 Silverman, D Clinical and Electroencephalographic Studies on Criminal 
Psychopaths, Arch Neurol & Psychiat 50 18-33 (July) 1943 

3 Knott, J R , and Gottlieb, J S Electroencephalographic Evaluation of 
Psychopathic Personality, Arch Neurol & Psychiat 52 515-519 (Dec) 1944, 
^^®^^°®cephalograms in Psychopathic Personalities, Psychosom Med 5 139-141, 

4 Silverman, D , and Rosanoff, W R Electroencephalographic and Neuro- 
logic Studies of Homosexuals, J Nerv & Ment Dis 101 311-321, 1945 

5 Qeckley, H The Mask of Sanity, St Louis, C V Mosby Company, 1941 
6 Darling, H F Definition of Psychopathic Personality, J Nerv & Ment 
Dis 101 121-126, 1945 

7 Henderson, D K Psychopathic States, New York, W W Norton & 
Company, Inc, 1939 
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post-traumatic conditions or as sequelae of encephalitis, or they may 
accompany the progressive disorganization of activity of the frontal lobes 
due to cerebial tumor Congenital syphilis, complications of pertussis 
referable to the central nervous system and other disturbances having 
their oiigin in infancy may also play a role in its development, and certain 
disorders in which episodic aggressive activity is a salient feature are 
thought to be allied to the epileptic states (Henderson ’') While it 
cannot be presumed that every case of such a disorder will be eliminated 
from the constitutional psychopathic group on the basis of the psy- 
chiatric formulation, the etiology of the oiganic variants becomes clear 
when a cleavage from the pattern of a hitherto normal personality 
occurs as an afteimath of a neurologic condition 

By electroencephalographic recording there is hope of identifying 
certain cases in which, though the neurologic evidence of involvement may 
be obscure, the organic contribution to the causation of psychopathy 
may be large However, it is known that abnormal records do occur in 
normal control groups, and in the absence of specific criteria of 
abnoimahty, such as the records of paroxysmal activity (Gibbs®) offer 
in cases of epileps)^ judgment concerning tbe chmcal significance of an 
abnormal electroencephalographic record in^the diagnosis of a psycho- 
pathic disorder must have its basis m statistical comparisons 

The incidence of so-called electroencephalographic abnormalities in 
normal population groups has varied from 5 to 20 per cent in different 
studies Such differences may be explained by variations in the rigidity 
with which the biologic criteria of normality are applied and the vagaries 
in classification of records, which may cause certain borderline findings 
to be interpreted as normal in one series and as abnormal in another 
Particularly in the interpretation of records containing slow sequences, 
the amplitude of the slow waves may be the deciding factor in placing 
a record m a normal or in an abnormal category 

The occurrence of high percentages of electroencephalographic 
abnormalities m series of psychopathic subjects already reported m the 
literature dictates the need for further studies of groups selected m dif- 
ferent situations Our study was undertaken to provide data concern- 
ing the incidence of electroencephalographic abnormalities in persons 
with constitutional psychopathic states diagnosed in a military hos- 
pital In a large senes of these patients the severer manifestations are 
the rule, since milder personality maladjustments are usually studied 
in outpatient clinics, also, the diversity of symptoms is sufficient to 
make the group i epi esentative of the total concept of psychopathy postu- 
lated by numerous investigators 

8 Gibbs, F A Electro-encephalography, in Solomon, H C, and Yakovlev, 
P I Manual of Militarv Neuropsychiatry, Philadelphia, W B Saunders 
Company, 1944 
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Every effort was made to secure a nonselected group and to achieve 
accurate diagnostic consideration in each case The patients were 
taken in consecutive order for electroencephalographic study after they 
had appeared before a formal hospital board of three experienced psy- 
chiatrists, all section chiefs in a specialized military neuropsychiatric 
hospital Complete medical, neurologic, laboiatoiy and, ^^here indi- 
cated, roentgenologic studies were made to rule out coexisting organic 
disease before the patients were brought before the board Various 
lengths of sennce were represented in the group, enlisted vomen as 
well as men were included, and a variety of manifestations of psychop- 
athy in different degrees of severity were represented When it was 
evident that a suitably extensive trial at duty had not been given to 
assure opportunity to adjust, the patient was returned to duty with 
recommendation for further trial The series included 96 patients 
Clinical data were also available on 8 other patients who appeared before 
the hospital boards during the period m which the study was being 
conducted 

PSYCHIATRIC EVALUATION OF CASE MATERIAL 

In all cases included the diagnosis of constitutional ps} chopathic state 
was made in accordance with the military terminology during the period 
selected for the sun^ey In the case study, the severity of each of a 
variety of manifestations of psychopathy was assessed for the purpose 
of establishing correlations between the gravity of the symptoms and the 
type of electroencephalographic record The manifestations included 
in this survey were inadequacy, emotional instability, aggiession, overt 
asocial behavior in the premilitary and in the military situations, 
absence without leave, alcoholism, drug addiction, sexual psychopathy 
and fabrication The coexistence of psychosomatic complaints and of 
organic illness was also considered There were 96 men and 8 women 
The ages ranged from 18 to 42 years Approximately 45 per cent of 
the total series were between the ages of 21 and 26 years Total dura- 
tions of service varied from five months to four and one-half years, 
and there was an approximately even distribution of subjects with 
periods of service between twelve and thirty-six months Twelve of the 
men were military prisoners at the time of admission to the hospital 
A biief summary of the salient psychiatric data follows 

Inadequacy ~UM manifestations were defined to include marginal 
social and economic adjustment in premilitary life, lesser degrees of 
nomadism, frequent lack of or change in employment, and tiuancy and 
other behavior difficulties during childhood In the intermediate grade 
of inadequacy, in addition to some or all of the aforementioned mani- 
festations, were repeated minor infractions of the law, marital difficulties 
and definite evidence of militar^^ maladjustment The severest form 
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of inadequacy was characteiized by petty thievery of frequent occur- 
rence, conviction for criminal offenses or serious military insubordination 
Approximately 25 per cent of the total number of patients showed severe 
inadequacy, and 6 of the 12 military prisoners were in this group 
Anothei 50 per cent of the total series gave evidence of inadequacy of 
intermediate severity Thei e appeared to be a high correlation betiveen 
the severity of manifestations of inadequacy in premilitary life and the 
frequency of absences without leave that occurred during military service 

Emotional Instability — Twenty-five per cent of the patients had a 
history of one or more suicidal attempts in response to frustration or 
as an effort to relieve a situation regarded as intolerable These pei- 
sonalities were assessed as displaying emotional instability of the severest 
degree, as were 2 others with a history of self mutilation One of the 
latter admitted intent to avoid hazardous duty A history of mood 
depressions with the existence of manifestations of lesser severity was 
the basis for assessing instability of intermediate severity, and 30 per 
cent of the total number belonged m this category The rest had mani- 
festations of lesser severity 

Aggiesswn — Twenty per cent of the total series did not manifest 
aggressive tendencies, an additional 40 per cent showed aggression as 
a subdommant characteristic Oveit hostility, frequent fights and marital 
quarrelsomeness of marked degree were manifested by 35 per cent 
One member of the series showed episodic uncontrolled aggression, 
homicidal in character, and 4 others manifested it to a degree that 
could be considered either as homicidal in intent or as necessitating 
criminal action 

Oveit Asocial Behavioi — Seventy per cent of the series gave no 
concrete evidence of overt asocial behavior during the premilitary period 
Of the remainder, 9 had a substantiated history of one or more arrests 
or confinements of minor character, and 10 had at least one reformatory 
or prison sentence in the premilitary record with additional evidence 
of criminal tendencies There were no confirmed criminals in the 
group In evaluating the military evidence, only military records sub- 
stantiating the occurrence of thievery or other asocial trends were 
considered, and absence without leave and minor evidences of insub- 
ordination of debatable value in indicating criminal tendencies were 
eliminated Sixteen per cent had one military conviction, and the 
offenses of 2 others were giaded as more serious, for the offense was 
a repetition of one for which a conviction had been secured previously 
in civilian life 

Absence Without Leave — Forty-six per cent of the men had no 
significant history of such absences, and none of the women had com- 
mitted the offense A small percentage of the men had fewer than 
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four offenses, and approximately 40 per cent had four or more The 
remaining 10 pei cent had had one or more absences of such long 
duration as to indicate that the offense lepresented the severest mani- 
festation m this regard 

Alcoholism — One third of the total number showed some evidence 
of alcoholism, and of these, 20 had been described in prior clinical 
records as “chronically alcoholic” These 20 subjects gave abundant 
civilian and military evidence of the use of alcohol, the other alcoholic 
patients had lesser manifestations None of our subjects gave evidence 
of the performance of definitely asocial acts while under the influence 
of alcohol 

Addiction to Di ugs — ^This was not a common finding in the present 
series Seven patients indicated that they smoked marihuana cigarets , 
another 7 gave a history of having at one time or another experimented 
with the use of more conclusively habit-forming drugs 

Sexual Psychopathy — ^Twelve of the men gave a history of sexual 
psychopathy, but only 2 could be regarded as overtly homosexual The 
remainder had controlled their homosexuality, participating intermit- 
tently either because of lack of heterosexual outlets or for financial gam 
One exhibited perversion m heterosexual relationships 

Medical Histoiy — Evidence of organic disease as a cause of admis- 
sion to the hospital played an unimportant role m this series Seven 
men were admitted to the hospital for psychosomatic complaints, how- 
ever, and an additional 8 patients, who were admitted because of 
consistent failure to adjust to the military situation, complained of 
psychosomatic symptoms after admission Five patients had a history of 
head injury, but no neurologic sequelae were present In no case did 
encephalitis or any manifestation of childhood disease that might be 
expected to cause the development of psychopathic character appear 
to be a contributory factor 

electroencephalographic results 

A standard eight lead electroencephalographic record, recommended by the 
Office of the Surgeon General, United States Army, and its electroencephalo- 
graphic consultant. Dr F A Gibbs, was taken in each case Studies were 
repeated when the initial recording did not provide satisfactory results Eight of the 
total series of l04 recordings were eliminated from consideration because artefacts 
rnade the results unsatisfactory Recording was usually done at an amplification 
of 8 mm per 50 microvolts Care was taken not to filter the faster frequencies 
excessively, so that this type of activity would not be eliminated from the records 
A twenty minute record, including combinations of all leads and two minutes each 
of hyperventilabon and posthypen^entilation, was routinely used 

With qualifications to be specified, the Gibbs s criteria for classification of 
records W'ere followed All records containing 8J4 to 12 per second frequency and 
those showing low voltage activity w^ere classified m a single “normal” group 
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Particular care was taken in classifying the records with borderline slow (S-1) 
activity, the following statement by Gibbs being taken as the basis for distinguishing 
between the S-1 and the to 9 per second frequencies “Moderate amount 
of activity slower than 8j4 per second in any lead Amount is considered in 
terms of amplitude and frequency of the slow activity, percentage of time 
present, and the number of leads m which it appears ” We arbitrarily estab- 
lished 35 microvolts as the criterion of amplitude for slow sequences in this 
study, and slow activity of lesser amplitude was consistently interpreted as 
low voltage Also by arbitrary definition we classified records showing the 
F-1 and S-1 frequencies of the Gibbs classification as borderline abnormal and 
the records with the F-2, S-2 and paroxysmal activities as abnormal The 
term paroxysmal activity was more broadly interpreted than is the usual prac- 
tice under the Gibbs classification and was made to include slow d 3 srhythmias 
of paroxysmal character These were mentioned by Jasper ^ (Penfield and 
Erickson, page 403) 

Of the 96 records, 72 per cent fell within the normal range (figure) 
This included all the records of 8)^ to 12 per second frequenc)'^ and of 
low voltage activity The 61 per cent of the total which constituted the 
records of to 12 per cent frequency was made up of 32 6 per cent 
which were quite regular m amplitude and frequency, 13 7 per cent 
showing mild irregularity of amplitude and 14 7 per cent showing mild 
irregularity of frequency Records of borderline abnormality, the S-1 
and F-1 categones, comprised 12 6 per cent of the total This included 
42 per cent with S-1 activity and 8 4 per cent of F-1 activity The 
percentage of records of the S-1 type would have been increased had 
several of the records with paroxysmal sequences of slow activity been 
classified m the S-1 category rather m the category of paroxysmal 
activity Abnormal records of the F-2 and S-2 type made up 9 4 per 
cent of the total of our series, 4 2 per cent were of the S-2 variety, 
as compared with 0 7 pei cent m Gibbs’s control senes, and 5 2 per cent 
vere of the F-2 type, as compaied with 0 4 per cent of Gibbs’s controls 
Abnoimal records with paroxysmal activity represented 5 2 per cent 
of our total series, but, as previously indicated, this figure included 
“paroxysmal slow dysrhythmias” and therefore could not be compared 
reliably with Gibbs’s controls Five records showed some degiee of 
build-up on hyperventilation Two of these were classified with the 
normal records because the build-up was not significant and the lecoids 
ivere not otherwise abnoimal For other reasons, 2 other records with 
build-up were classified as in the paroxysmal and 1 in the F-2 category 

The records were also studied with a view to determining whether 
or not an increased incidence of abnormality m the electroencephalo- 
grams was associated with the various manifestations of psychopathy 
of the severest degree Certainly, there was no tangible evidence that 

9 Jasper, H H ElectroencephaIograph\ , m Penfield, W, and Erickson, 
T C Epilepsy and Cerebral Localization, Springfield, 111 , Charles C Thomas, 
Publisher, 1941 
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this was the case Of 25 patients rated as presenting the severest 
mamfestations of madequacy, 5 showed abnormal records 3 of these 
being of the F-2 and 1 of the paioxysmal type In addition, 2 ot 
this group had lecords of borderline (F-1) type Of 37 patients mani- 
festing less severe grades of inadequacy, 2 had records of paroxysmal 
activity, and 2 records of F-2 type The 23 patients who showed 
the severest emotional instability included 3 who had abnormal records 
(2 with the F-2 type and 1 with the paroxysmal type) and 3 who had 
hoiderhne abnormal (F-1) records Of 44 subjects manifesting the 



Histogram indicating the distribution of electroencephalographic frequencies 
for 96 records in terms of the Gibbs classification Slow dysrhythmias of paroxysmal 
character are included with the paroxysmal type Diagonal lines indicate the 
distribution of records conventionally designated as normal , black indicates the 
distribution usually regarded as abnormal All records were obtained from patients 
with disorders diagnosed as a constitutional psychopathic state 

Analysis of the record showed that 72 5 per cent fell in the normal range 
(61 per cent in the 8j4 to 12 per second category and 11 5 per cent in the low 
voltage category), 12 6 per cent were borderline abnormal (4 2 per cent in the 
S-1 category and 8 4 per cent in the F-1 category), 146 per cent were abnormal 
(4 2 per cent in the S-2 category, 5 2 per cent in the F-2 category and 52 per cent 
in the paroxysmal category) and 5 2 per cent showed a build-up* response on 
hj per\ entilation 


lesser degrees of emotional instability, 4 had abnormal records, including 
3 with the paroxysmal and 1 with the S-2 type With respect to mani- 
festations of aggression, overt asocial behavior, absence without leave, 
alcoholism, drug addiction and homosexuality, there was no difference 





684 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


m the incidence of abnormality between patients with negative and those 
with positive histones In the group of 12 prisoners, 2 had records 
with paroxysmal activity, and 2 had records of the F-2 type, however, 
the number of prisoners was too small to render the apparently larger 
incidence of abnormality significant as compared with that for the non- 
prisoner group 

The over-all survey of our material shows a somewhat higher inci- 
dence of electroencephalogiaphic abnormality in this senes of 96 
patients with psychopathic states diagnosed in the military setting than 
in normal controls reported m the literature However, our percentage 
of abnormality is low as compared with that for other recently leported 
series of psychopathic subjects In small part, this may be due to rigid 
criteria employed m designating a record as abnormal, a conservatism 
which we believe to be justifiable in view of the present lack of electro- 
physiologic standards for assessing the variations of the normal 
Otherwise this senes of subjects selected by psychiatric criteria as 
constitutionally psychopathic is not notably set apart from normal 
standards b}^ electroencephalographic abnormality Whereas specific 
exception can be made to this interpretation so far as the relatively 
higher incidence of records containing S-2, F-2 and paroxysmal activity 
IS concerned (as compared with the over-all incidence of abnormality), 
it IS our view that furthei extension of knowledge in the field of electronic 
recording may lead eventually to the elimination of subjects presenting 
such records from the category of the constitutional psychopathic state 

COMMENT 

Whereas the present study of persons with a disorder diagnosed 
as constitutional psychopathic state in the military setting shows a 
somewhat higher incidence of abnormal records than would be expected 
in a corresponding group of normal controls, it was not sufficiently high 
to indicate that the usual psychiatric criteria carefully applied are inef- 
fective in screening out the cases with strong organic determinants 
The diagnostic criteria used in the selection of subjects were based on 
the evaluation of the total personality, indicating m the longitudinal 
history of the patient a continuous projection of hostility onto the environ- 
ment Search of the history for manifestations of the symptoms most 
frequently associated with psychopathy was regarded as the marshaling 
of evidence* to support the diagnosis in a particular case The well 
known fact that some, even all, of these symptoms might develop as 
an aftermath of infection of the central nervous system or of trauma, 
and that undisputed infantile or adolescent involvement may appear 
to influence the subsequent development of psychopathic character, 
leads us to recommend, however, that those patients who show definite 
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electroencephalographic abnormality be reexamined with a view to 
excluding a possible organic cause 

It might be expected that a correlation between the symptoms of psy- 
chopathy and electroencephalographic abnormality would become appai- 
ent m a higher incidence of abnormal records for persons showing sevei e 
as compared with mild manifestations A series of manifestations, 
including inadequacy, emotional instability, aggression, homosexuality, 
alcoholism and absence without leave, were evaluated throughout our 
series and graded in order of seventy There appeared to be no obvious 
1 elation between severity and degree of record abnormality 

SUMMARY 

Electroencephalographic tracings were obtained from 96 of a series 
of 104 patients with a disorder diagnosed as constitutional psychopathic 
state in a military setting Within the special situation from which 
the patients vere obtained, the sample was unselected The personali- 
ties were evaluated first by psychiatric criteria, so that the finding of 
electroencephalographic abnormality did not influence diagnostic judg- 
ment The records were classified in accordance with the Gibbs criteria 
with the single exception that records showing certain slow dysrhythmias 
of paroxysmal character were classified with records of paroxysmal 
activity rather than with those containing slow sequences The per- 
centage of abnormal records did not greatly exceed the reported incidence 
of abnormality in normal control groups studied by different investi- 
gators, although we did obtain a definitely higher percentage of records 
with F-2 and S-2 frequencies than has been obtained for normal controls 
We find no relationship between the severity of different manifesta- 
tions of psychopathy and the incidence of abnormality m records 



FLEXIBLE ELECTRODE-CARRYING HEADGEAR FOR 
ELECTROENCEPHALOGRAPHIC EXAMINATION 


A R McIntyre, md 
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A L DUNN, MA 
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T here aie several advantages to be gained by the employment 
of a mechanical device for carrying the electrodes used m making 
contact with the scalp in electroencephalographic examinations Any 
method using gauze or other types of bands to hold the electrodes in 
place IS unceitain and unwieldy The technic which utilizes collodion 
or similar cementing material to fasten the electrodes is somewhat slow 
and for best results requires a skilled operator to apply and to remove 
the electrodes There is a need for a means of shifting pairs or groups 
of electrodes rapidly to any part of the skull, as in delineating a tumor 
In the interests of obtaining maximum cooperation from the patient, 
especially with children, the time of examination should be kept to a 
minimum when possible and the necessary record obtained rapidly 
With these considerations in mind, work was undertaken to develop 
a mechanical device ivhich would aid in solving these problems Par- 
ticular attention was focused on designing an electrode and a means 
for mounting it which ivould be sufficiently flexible, several methods 
were tried and discarded in favor of the system finally decided on 

DETAILS OF CONSTRUCTION 

The oval band is constructed of inch (32 mm ) fiber, having 
such dimensions as to allow approximately 2 to 3 inches (5 to 7 5 cm ) 
clearance all around when placed over a man’s head of average size 
(fig 1) On this oval band are mounted two fiber straps carrying two 
electrodes each and so shaped as to maintain 2 to 3 inches clearance 
around the scalp The electrodes earned on these straps are intended 
primarily to make contact with the frontal and parietal areas m a 
routine examination (fig 2) but are arranged so flexibly that any poi- 
tion of the scalp from the occipital to the frontal region can be reached 

This work vas aided in part by a grant from the Johnson and Johnson Founda- 
tion 

From the Department of Phjsiologv and Pharmacology, University of 
Nebraska College of Medicine 
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effectively Owing to the special construction of the electrode system, 
several electrodes may be mounted on any of the bands for exploring 
particular areas of the scalp 

The entire assembly can be clamped to a cot by means of a bracket 
which embodies a padded neck rest adjustable for height (fig 3) A 
hinge (with a locking device) is provided in this bracket, which makes 



Fig 1 Diagrams showing three views of the electrcKie-carr 3 ’’ing headgear 


It possible to swing the headgear over the patient’s head quickly and 
easily The assembly is held in alinement with the patient’s head by 
means of a padded spring tension nose piece, which bears lightly but 
firmly on the bridge of the nose and the forehead Maintenance of 
the headgear in position is also aided by the mastoid electrodes The 
bracket which clamps the headgear to the cot carries all the weight of 
the device, none of it being allowed to bear on the patient’s head 
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ELECTRODE DETAIL 

The frontal, parietal and occipital electrodes are constructed simi- 
larl}^ (fig 4) A contact cup (A) is ai ranged to swivel on the end of 
the shaft (C) and is provided with light tension by a spring {B) This 



Fig 4 — Diagrams showing details of electrodes 
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5 Sample record obtained with the headgear 

allotvs for automatic conformation to the scalp. An insulating link (D) 
of polystyrene or other similar material is interposed, and this entire 
<ievice is earned on a threaded adjusting rod (£), which passes through a 
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threaded ball {F) This ball works in a slide (G) built into the 
adjustable bands of the headgear Slots equal in width to the diameter 
of the ball are cut in the bands, and brass-guiding strips are eyeleted 
to the straps to give a sliding arrangement An opening is provided at 
the end of each slide to allow for introduction of additional electrodes 

The mastoid electrodes diffei only in having the ball (A) contained 
m a conventional socket, which may be moved in a slot in a fiber piece 
extending below the oval section 

All metal paits are finished in nickel plate The connections from 
the electrodes are brought up to a terminal board, whence they pro- 
ceed to the electroencephalogi aph Electrode jelly is used to facilitate 
contact between the electrodes and the scalp A sample of a record 
obtained wnth the headgear is shown in figure 5 

SUMMARY 

A flexible electrode assembly for use m electroencephalographic 
examination has been developed 

A rapid means of appl) mg and removing the electrodes is provided 

The special construction of the electrodes allow’^s great flexibility 
in routine examination or in exploring specific areas of the scalp, as 
m delineating tumors of the brain 

The time foi the examination has been i educed to a minimum for 
both patient and opeiator 

University of Nebraska College of Medicine 



A CLIP-ON ELECTRODE FOR USE IN 
ELECTROENCEPHALOGRAPHY 

DOROtHY L NIXON 
NEW HAVEN, CONN 

I T IS assumed that most electroencephalogiaphic laboratoiies employ 
a moie oi less standard type of electrode, viz, a flattened solder 
pellet, which is attached to the scalp with collodion 

For several years my associates and I have utilized a convenient 
dip-on electrode which was adapted from a somewhat similar type of 
electrode, as described by Daiiow’- in 1940 This clip-on type of 
electrode eliminates the application of collodion, thereby accelerating the 
procedure of applying electiodes It is simply and securely attached to 
the scalp without discomfort to the patient This method can be applied 
only when the patient has a sufficient amount of hair 

Simultaneous recordings made with solder pellet and clip-on elec- 
trodes weie found to be identical 

CONSTRUCTIOK AND APPLICATION OF THE CLIP-ON ELECTRODE 

A lust-resistant metal is preferred if it is available, but we have 
found that any semipliable metal can be used As an item of con- 
venience, we have found that ether cans afford satisfactory results 
Two flat pieces of metal are cut, one approximately 2 by 1 cm and 
another approximately 2 5 by 0 5 cm These strips of metal may be 
cut either slightly larger oi slightly smaller, but the given dimensions 
will make an average-sized electrode The widei piece is bent length- 
ivise, just enough space being allowed to insert the smaller piece, or 
the electrode “lever” (fig 1 A) After the lever is inserted, the lower 
cornel of the electrode is cut off to permit freedom of the lever when m 
motion, and the corners of the projecting lever edge are cut off or filed 
down to facilitate handling (fig 1 J5) Next, a hole is punched entirely 
through the layers of metal, approximately 2 mm fiom the top of the 
electrode and above the clipped under edge A piece of sturdy wire is 
then inseited through the perforation and soldered to each side of the 
electrode to hold it firmly in place This device is then mounted and 
soldered to the outer surface of a cup to form the base of the electrode 

From the Laboratory of Electroencephalography, Department of Ps 3 xhiatry 
and Llental Hj'giene, Yale Unnersity School of Aledicme 

1 Darrow, C W Convenient Electroencephalographic Electrode, Proc 
Soc Exper Biol & Med 45 301-302 (Oct ) 1940 
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(fig 1 C) The cup IS merely a no 3 round head brass papei fastener 
of which the stem has been removed and the lounded under edge has 
been filed off to permit thorough cleansing after use (We utilize 
this cup type of electrode, applied with collodion, when there is not 
a sufficient amount of hair to apply the clip-on type of electiode ) One 
end of the usual electrode wire is then soldeied to the outei surface of 



Fig 



1 — Diagrams showing construction of the chp-on electrode 


the cup, and the electrode is ready for use Photographs of the clip-on 
electrode as seen from three different angles are shown in figure 2 
To apply the chp-on electrode, the cup is filled with electrode paste 
The hair is separated in the usual manner , the scalp is rubbed well with 
electrode paste, and the electrode is placed on the exposed scalp With 
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Fig 2 — Three views of the clip-on electrode 


the lever in an upright position, a few strands of haii are drawn from 
either side and across the electrode, and the lever is gently pushed to a 
closed position over the strands of hair 

An electrode of this type will last indefinitely if it is thoroughly 
cleansed, preferably with acetone, after each application If the elec- 
trode IS not properly cleansed, it is likely to deteriorate quickly A film is 
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apt to form on the inner surface of the cup, which may cause artefacis, 
but this film can easily be removed by scraping the cup with a sharp 
instrument and a clean surface insured 

CONCLUSIONS 

The construction of a chp-on electrode is described This type of 
electrode has a particular advantage over the more common solder pellet 
electrode in that it eliminates the usual application of collodion, thereby 
saving a great deal of time This electrode can be simply and quickly 
applied to the scalp without discomfort to the patient Simultaneous 
lecordmgs made with solder pellet and chp-on electrodes were found to 
be identical 

Yale University School of Medicine 



Obituaries 


CLEMENT BUCHANAN MASSON, MD 
1898-1946 

Dr Clement Masson, who became acting chief of neurological sur- 
gery m the Netiiological Institute of New Yoik on Jul} 1, 1946, died 
on Sept 5, 1946 of coionaiy occlusion at the age of 48 HaAung served 
on the house staff of the Neuiological Institute from 1925 to 1927, he 
was the fiist of the Neuiological Institute-ti ained neurosurgeons to be 
invited to join the attending staff, and seived continuously for nine- 
teen yeais His background of neuiologic experience and his enjoy- 
ment of seivice undei inspired teacheis of oiganic neurology allowed 
him to cairy on the traditional clinical approach to neurosurgical prob- 
lems, stimulating the younger men on the seivice with the same spirit 
vith which his piedecessois had imbued him 

Dr Masson was born m Newburgh, N Y, of Scottish ancestry, 
in w^hich he took great pride His academic training was m Washing- 
ton College, Washington, D C , fi om w Inch he received the degree 
ot Bachelor of Science m 1921, after he had leceived his four years of 
medical training and the degiee of Doctoi of Medicine at Geoige Wash- 
ington Universit) Medical School He then interned foi one and one- 
half yeais at St Elizabeths Hospital, Washington, D C , for tw^o years 
at St Luke’s Hospital, New York, and for two yeais m the Neurological 
Institute of New York He became an assistant surgeon in the Neuro- 
logical Institute of New York in 1927 and assistant in neuiology in 
the Columbia Umveisity College of Ph 3 'sicians and Surgeons in 1928 
and progiessed through successive grades of promotion m these two 
institutions, being respectively attending neurologic surgeon and assis- 
tant clinical piofessor of neurologic suigery at his death 

Dr Masson was not a prolific contributoi to the neurosurgical liter- 
ature, but his report on "Complete Removal of Two Tumors of the 
Third Ventricle” {Aich Sntg 28 527 [March] 1934) is, in a way, a 
gage of the cautious, constructive and realistic approach he used in 
attacking the great technical and therapeutic problems of his special 
field, and of the increasing confidence which it earned him among his 
colleagues m the Neurological Institute and m the many hospitals sur- 
rounding the city in which he consulted His studies on “The Para- 
sagittal Gliomas” and “The Diffeiential Diagnosis of Parasagittal 
Gliomas and Parasagittal Meningiomas” {Bull Neuiol Inst New Yoik 
3 546 [March] 1934 and 5 218 [Aug] 1936), and his unpublished 
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studies of the importance and significance of the vestibular tests 
in the differentiation of lesions in the posterior fossa permitted him to 
contribute much to the lore and the judgment of the succession of house 
officers who received practical training under him 

His independent observations m a series of cases concomitant with 
those of the late Dr Cornelius Dyke and Dr Leo Davidoff led to their 
combined publication of the rather impoitant paper on “Cerebral Hemi- 
atrophy with Homolateral Hypertrophy of the Skull and Sinuses,” 
(Stag, Gynec & Obst 57:588 [Nov] 1933) 

Dr Masson was a fellow of the American College of Surgeons and 
was certified by the American Board of Neurological Surgery He was 
a member of the St Andrews Society 

He was attending neurologic surgeon at Grasslands Hospital, Val- 
halla, N Y , Pilgrim State Hospital, and Rockland State Hospital 
He was consultant neurologic surgeon at Northern Westchester Hos- 
pital, Mount Kisco, N Y , Vassar Brothers Hospital, Poughkeepsie, 
N Y , and Staten Island Hospital and St Vincent’s Hospital, Staten 
Island 

To many of us in whose progress Dr, Masson was genuinely inter- 
ested and to whom, in an impersonal metropolis, he provided a measure 
of fellowship and an example of a successful career based on a well 
tempered personality, his untimely passing has been a great shock By 
the many to whom his measured opinion, his constant readiness and his 
seemingly boundless capacity to serve have been a boon, his loss has 
been keenly felt 


Fritz Cramer, M D 



News and Comment 


THE SCIENTIFIC EXHIBIT, ATLANTIC CITY SESSION OF THE 
AMERICAN MEDICAL ASSOCIATION 

At the Atlantic City Session, June 9 to 13, 1947, the American Medical Associa- 
tion ^Mll observe its centennial anniversary For almost half of those hundred 
years — since 1899 — the Scientific Exhibit has been a feature of each annual session 
and has developed into a short course m graduate medical instruction 

Exhibits at the 1947 Session will cover all phases of medicine A certain 
amount of historical material will be included, but emphasis will be placed on the 
latest developments of medical science The representative to the Scientific Exhibit 
from the Section on Nervous and Mental Diseases is Dr A B Baker, University 
of Minnesota Medical School, Minneapolis 

Applications for space should be submitted as early as possible, since the closing 
date IS Jan 13, 1947 Application blanks may be obtained either from Dr Baker 
or from the Director, Scientific Exhibit, American Medical Association, 535 North 
Dearborn Street, Chicago 10 

AMERICAN BOARD OF NEUROLOGICAL SURGERY 
The following candidates were recently granted certificates by the American 
Board of Neurological Surgery 

Oct 13, 1946 George Ehni, Temple, Texas, Howaid H Karr, Chattanooga, 
Tenn 

Oct 14, 1946 John T B Carmodj, Worcester, Mass , Joseph F Doisey, 
Boston, J A Mufson, Milwaukee, W W McKinney, Houston, Texas, Aage 
Nielsen, Detroit, W H Sw'ect, Boston, Max Taffel, New' Haven, Conn , 
M Frank Turney, Brooklyn, Robert D Whitfield, Albany, N Y 

O^t 15, 1946 Charles E Dowman, Atlanta, Ga , Antonio Grino, New York, 
Henry L Heyl, Hanover, N H , Wilfred Risteen, Augusta, Ga 
Dec 15, 1946 Charles E Troland, Richmond, Va 

Feb 1, 1947 Everett F Hurteau, Memphis, Tenn , I Joshua Spcigel, Chicago 

NORTH PACIFIC SOCIETY OF NEUROLOGY AND PSYCHIATRY 
The North Pacific Society of Neurology and Psychiatry held its annual meet- 
ing in Portland, Ore , Sept 20-21, 1946 The follownng officers were elected for 
the coming year president. Dr Ralph M Stolzheise, Seattle, vice president. Dr 
Frank Turnbull, Vancouver, British Columbia, Canada, and secretary-treasurer. 
Dr Herman A Dickell, Portland, Ore The executiv'e committee appointed were 
Dr H Ryle Lewis, Spokane, Wash , Dr Gordon Hutton, Vancouver, B C, and 
Dr Merle Margason, Portland, Ore 

The next meeting of the society will be in Seattle late in March 1947 
Communications may be addressed to Herman A Dickel, M D , secretary- 
treasurer, 707 Medical-Dental Building, Portland 5, Ore 

SCHOOL OF APPLIED PSYCHOANALYSIS 

School of Applied Psychoanalysis Extension Courses of the New 
York Psychoanalytic Institute —The academic year, which extends from Sept 
23, 1946 to June 13, 1947, inclusive, is divided into trimesters of (usually) twelve 
evenings each The following courses will be given 
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A For Qualified Physicians — “Relationship of Physicians and Patients in the 
Light of Psychoanalysis,” Dr Ralph M Kaufman, in cooperation with Dr Harry 
Weinstock and Dr Sidney Margolin, “Psychoanalysis and Dentistry,” Dr Henry 
M Hart, “Sexual Pathology,” Dr Sandor Lorand, “Psychoanalytic Psycho- 
pathology,” Dr Nathaniel Ross , “Problems of Child Development,” Dr Margaret 
S Mahler, “Indications and Contraindications for Psychoanalytic Psychotherapy,” 
Dr Samuel Atkin, “Principles of Psychosomatic Medicine,” Dr Lawrence S 
Kubie 

B Foi Nurses — “Introduction to Psychoanalytic Psychiatry for Nurses,” 
Parts 1 and 2, Dr John Frosch 

C For Social Woikeis — “Case Seminar for Psychiatric Social Workers” 
Part 1 by Dr I P Glauber and Dr Abram Blau, Part 2 by Di Abram Blau 
and Di I P Glauber 

D Foi Psychologists — Study Group in “Psychologic Diagnostics,” Dr Law- 
rence S Kubie, study group in “Psychoanalytic Psychology,” Dr Heinz Hartmann, 
Dr Ernst Kris, Dr Rudolph Loewenstein and Dr Rene Spitz 

E Foi Sociologists — Study groups in “Psychoanalysis and Sociology” and 
“Psychoanalysis and the Social Sciences,” Dr Robert Waelder (both these courses 
under consideration) 


PENNSYLVANIA PSYCHIATRIC SOCIETY 

The eighth annual dinner meeting of the Pennsylvania Psychiatric Society was 
held at the Barclay, Philadelphia, on Oct 10, 1946 

Former United States Supreme Court Justice Owen J Roberts spoke on “What 
the Layman Can Do About Mental Illness” 

The following officers were elected to serve for the year 1946-1947 president, 
Charles H Henninger, M D , Pittsburgh , president elect, LeRoy M A Maeder, 
M D , Philadelphia, and secretary-treasurer, Philip Q Roche, M D , Philadelphia 
Councillors elected were For two years, Samuel B Hadden, M D , Phila- 
delphia , Harold L Mitchell, M D , Pittsburgh, and Howard K Petry, M D , 
Harrisburg, Pa For one year, Bernard J Alpers, MD, Philadelphia, Kenneth 
E Appel, M D , Philadelphia , Thomas A Rutherford, M D , Waymart, Pa , and 
Cornelius C Wholey, M D , Pittsburgh 

Auditors elected were For three years, Elmer V Eyman, MD , Philadelphia, 
for two years, Robert J Phifer, M D , Woodville, Pa , and for one year, Harry 
F Hoffman, M D , Allentown, Pa 



Abstracts from Current Literature 

Edited by Dr Bernard J Alpers 


Physiology and Biochemistry 

Demonstration of Visceral Pain by Determination of Skin Potentials 
Lester M Morrison and Ernest A Spiegel, Ann Int Med 22 827 
(June) 1945 

Morrison and Spiegel report their observations on 72 subjects in an effort to 
determine whether viscerogalvanic reaction may be an aid in the differential diag- 
nosis of the pain of organic visceral disease and that of nonorganic disorders The 
method employed is a variation of the technic described by Spiegel and Wohl 
In this method a known variable potential is opposed to the unknown skin 
potential 

The authors conclude that the study of skin potentials is an objective method 
useful m the evaluation of visceral pain In 74 per cent of the 31 patients with 
pain accompanying proved organic visceral disease the skin potentials in the 
corresponding dermatomes were increased over those in the rest of the body by 
10 or more millivolts Of 27 patients with pain of psychogenic origin or pain 
associated with healed organic disease, 2 showed increases in potential of 8 and 9 
millivolts, respectively, while the other 25 had no increase of potentials 

An increase m skin potentials of 10 millivolts or over in the dermatomes 
corresponding to an organ causing pain supports the assumption of organic disease 
Absence of increased potentials does not exclude organic disease After apparent 
clinical healing of organic visceral disease, increased potentials may still persist, 
indicating latent pathologic changes Guttman, Philadelphia 

Nerve Regeneration in the Rat Following Tubular Splicing of Severed 
Nerves P Weiss, Arch Surg 46 525 (April) 1943 

Weiss describes a new method of union of severed peripheral nerves which in 
animal experiments (23 rats) has proved superior to the conventional nerve suture 
and may be adaptable to human surgery The method, which should not be con- 
fused with the old “tubulization” tecnnic, consists m splicing the two ends of a 
severed nerve by inserting them into a closely fitting sleeve of a live artery The 
use of the arterial sheath eliminates the need of foreign suture material, which 
may impair nerve regeneration The tensile strength obtained by the arterial method 
of nerve splicing is greater than that of the sutureless union of nerves by blood 
plasma The utilization of an artery in nerve splicing is particularly suited for 
nerves too small for suture The arterial link permits leaving a slight gap 
between the nerve ends, which seems to create favorable conditions for nerve 
regeneration Longitudinal stresses are transmitted through the tissue matrix 
filling the gap between the two nerve ends and produce parallel orientation of the 
regenerating nerve fibers Thus, an orderly regeneration of nerve fibers is 
assured, and a good functional result may be expected Histologic study showed 
that the nerve fibers regenerate in parallel rows, without irregular branching or 
formation of neuroma or scar tissue The region of the gap is discernible only 
by the absence of perineurium A count of nerve fibers revealed close corre- 
spondence between the number of fibers in the proximal stump and the number of 
regenerated fibers in the gap, but there was a drop in the fiber count in the distal 
stump Only a few physiologic observations were made on the functional recovery 
of spliced nerves Return of muscle power, measured by isometric recording 
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after supermaximal stimulation, of the spliced nerve, showed return to normal 
contraction in some instances as early as ten weeks, in other cases the muscular 
contraction remained deficient, even though there was histologic evidence of good 
regeneration Coordination remained poor, in spite of good motor and sensory 
recovery This was presumably due to random redistribution of regenerated fibers 
Some arterial nerve splicings failed because of improper width of the artery or 
trauma to the arterial wall In these cases, fibrosis and irregular regeneration 
of nerve fibers occurred, or nerve fibers escaped thiough a defect in the arterial 

■wall List, Ann Arbor, Mich 

Convulsive Factor in Commercial Penicillin A Earl Walker and Herbert 
C Johnson, Arch Surg 50 69 (Feb ) 1945 

Walker and Johnson studied the effect of commercial penicillin applied topically 
to the cerebral cortex of the cat, dog, monkey and man In the cat, as little as 
1,000 to 2,000 Oxford units of penicillin may cause convulsive manifestations, 
in man the convulsive threshold is approximately 10,000 or 20,000 units The 
convulsive and antibiotic factors of penicillin appear to be closely related, for they 
are about equally affected by aging, boiling and acidifying the penicillin solution 
and by dissolving the penicillin in alcohol Arbor, Mich 

Inhibition of Brain Respiration by Picrotoxin J R Klein, J Biol Chem 
151 651, 1943 

Although the stimulatory effect of picrotoxin on the central nervous system 
is well known, there is little information concerning the effect of the drug on the 
metabolism of brain The respiration of a cat brain preparation and the oxidation 
of glutamate, succinate, fumarate and pyruvate by the preparation m vitro were 
inhibited by picrotoxin The effect of the drug on glutamate and succinate was 
probably due to an inhibition of the oxidation of fumarate or pyruvate rather than 
its action on the first stages in the oxidation of the former substances The effect 
of picrotoxin on the oxidation of pyruvate may have been due to inhibition of 
fumarate catalysis, since fumarate decreased the extent of inhibition 

Page, Cleveland 

A Parallelism Between the Quantitative Incidence of Carbonic Anhy- 
DRASE and Functional Levels or the Central Nervous System W. 
Ashby, J Biol Chem 152 235, 1944 

Since it has been shown that the greater amount of carbonic anhydrase per 
giam in the functionally dominant cerebral area than in the cord is not dependent 
on any anatomic distribution of gray and white matter, the possibility is suggested 
that the relation may be due to differences in the amount of enzyme contained in 
the neurons entering into the composition of the respective areas This might be 
true regardless of whether the cell processes or the cell body of the neuron 
establishes the prepondeiance of the enzyme On this basis, it is probable that 
the carbonic anhydrase content may bear a relation to the factors which cause 
the functional dominance of the cerebrum over the cord As a second possibility, 
the carbonic anhydrase may not be distributed m the neurons but may exist in 
some accessory cells, which may be more numerous in the cerebrum than in the 
cord The content of carbonic anhydrase in the cerebral tissue and in the cord 
tissue has now been compared The content of the cerebral tissue was approxi- 
mately twice that of the cord Seven species of animals were studied By separate 
determinations of the enzyme content of the white matter of specimens of the 
human cerebrum, it was shown that the greater amount of enzyme in the cerebrum 
IS not due to the larger proportion of gray matter present -r. 

^ Page, Cleveland 
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Choreifork Movements in a Dog Suffering from Cortico-Striatal Disease. 
Hsiang-Tung Chang, J Neurophysiol 8*89 (March) 1945 

Chang described a male dog with nodding movements of the head and rapid, 
involuntary twitchings of the left hindleg The animal demonstrated a postural 
disturbance in that he could not curl his trunk, and he also could not properly 
scratch himself These difficulties were ascribed to rigidity of the muscles In 
addition, there was some motor deficit During a three month period of observa- 
tion tlie disturbances were stationary With the animal under anesthesia, it was 
noted that excitability of the right motor cortex was decreased Histopathologic 
examination of the brain revealed congestion of the cerebral blood vessels, some 
endothelial proliferation in tlie walls of the blood vessels, infiltration of the 
meninges and evidence of encephalitis The encephalitic lesions consisted of peri- 
vascular lymphocytic infiltration and gliosis The lesions occurred in the left 
putamen and the adjacent insular cortex and in the right hemisphere in the region 
of the posterior sigmoid gyrus In the last area the outer lajers of the cortex 
were not involved, and the giant pyramidal cells were spared Chang concludes 
that for the production of choreiform movements preservation of part of the motor 
cortex IS necessary but that both motor cortex and putamen must be damaged 

Forster, Philadelphia 

Electroencephalogram of Different Cortical Regions of Normal and 
Anesthetized Cats Sam L Clark and James W Ward, J Neurophjsiol 
8 99 (March) 1945 

Clark and Ward, employing concentric, implanted leads with the stigmatic 
portion m contact with the brain, studied the electrical activity of the cat cortex 
and obtained specific patterns from the frontal and occipital regions and from the 
vertex Records from the temporal region and from the pyramids showed less 
characteristic differences The onset of sleep was accompanied with the appearance 
of trains of waves of 5 to 7 cycles p'er second from the occipital leads When 
sleep deepened, the frontal region presented 12 to 14 cycle per second spindles, 
and random slow activity appeared in all leads Records obtained during sleep 
induced with pentobarbital resembled those obtained during normal sleep except 
that the stages followed each other more rapidly in the former Activation patterns 
could be produced by stimuli in normal or m light pentobarbital sleep, but with 
the animal under deep pentobarbital anesthesia no visible changes occurred in 
the electroencephalogram during operative procedures Clark and Ward demon- 
strated that temporary habituation to a standard stimulus in the normal resting 
ammal produces in the electroencephalogram progressively greater shortening of 
the period of activation Alteration of the type of stimulus immediately restores 
the activation response Forster, Philadelphia 

Projection of the Retina on the Superior Colliculus of Cats Julia T 
After, J Neurophysiol 8 123 (March) 1945 

Apter studied the electric action potentials obtained from the surface of the 
superior colliculus of the cat The potentials were evoked by stimulating spots of 
known position on the retina, and the stimuli used were short flashes of light 
She found a systematic projection of the nasal field, or temporal half of the retina, 
of the left eye on the left superior colliculus and of the temporal field, or nasal 
half of the retina, of the right eye on the right superior colliculus The nasal half 
of the left area centralis projected only on the right superior colliculus, and the 
temporal half of the left area centralis projected only on the left superior 
colliculus The upper field, or lower half of the retina, was projected on the 
superior colliculus medial to the lower field, or upper half of the retina Points 
along the vertical meridian were projected at the anterior end of the superior 
colliculus Points 110 degrees temporal to the vertical meridian of the visual field 
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of the left eye were at the posterior end of the right superior colliculus, and points 
90 degrees nasal to the vertical meridian were at the posterior end of the left 
superior colliculus Forster, Philadelphia 


Neuropathology 

Fatal Poisoning from Potassium Thiocyanate Used in Treatment of 
Hypertension Antonio Del Solar, Gaston Dussaillant, Moises 
Brodsky and Guillermo Rodriguez, Arch Int Med 75 241 (April) 1945 

The authors report a case of a 53 year old white man with hypertension who 
was treated with potassium thiocyanate During the course of treatment he showed 
mental dulness and increased dysarthria This was followed by zoopsia and 
slightly clonic contractures of the upper extremities Thiocyanate levels in the 
blood reached 29 mg per hundred cubic centimeters, and the urinary concentration 
of the drug was 33 mg per hundred cubic centimeters It was then discovered 
that for about eight or ten days the patient had been taking as much as 1 34 Gm 
of potassium thiocyanate a day because he had broken the tip of the dropper 
Various supportive measures were attempted after the patient went into coma, but 
in about two weeks he died 

Necropsy revealed no recent lesions which could account for his death There 
were two old areas of encephalomalacia It is possible that the thiocyanate 
intoxication came on more readily because of old cerebral damage A prominent 
observation in the postmortem examination was an area of acute nephrotic necrosis, 
which had apparently been asymptomatic during life 

This IS the seventh reported instance of death due to therapeutic use of 
potassium thiocyanate for hypertension Guttman, Philadelphia 

Primary Degeneration of the Corpus Callosum (Marchiafava-Bignami's 
Disease) H Houston Merritt and Avery D Weisman, J Neuropath & 
Exper Neurol 4 155 (April) 1945 

Merritt and Weisman report 2 cases of degeneration of the corpus callosum 
The first case was that of a man, aged 50, who was addicted to alcohol and was 
in a state of poor nutrition There were associated dementia, transitory hemi- 
paresis, aphasia and convulsions He had an affective psychosis with a severe 
obsessive-compulsive component 

Sections of the brain revealed complete cystic degeneration of the middle 
portion of the corpus callosum The genu was the most severely affected, although 
the necrosis extended back to the splenium, where the degenerated tissue consisted 
of two symmetric areas of reddish softemng The cystic degeneration in the 
rostral portion of the corpus callosum indicated an older process, while the soft, 
necrotic character of the bilateral lesions in the posterior part of the body and 
the splenium suggested a more recent development 

Microscopic observations showed almost complete loss of myelin in the middle 
lamina of the corpus callosum At the periphery of the lesion the myelin sheaths 
had undergone a less degree of damage, they stained poorly and were irregularly 
swollen and attenuated The axis-cylinders were relativeb"- intact, even in regions 
where the demyelination was most advanced Where cyst formation had occurred, 
however, all tissue elements were destroyed Proliferation and hypertrophy of 
capillary endothelial cells were pronounced, and numerous fat-filled histiocytes 
infiltrated the affected zone Gliosis was not well developed 

The second case was that of a man, aged 56, who entered the hospital m a 
state of stupor He had sustained a head injury and was m shock Unfortunately, 
a complete history could not be obtained, but the patient was blind and deaf and 
had been living alone The day prior to admission he had been acting peculiarly, 
and neighbors thought he was ill Neurologic examination revealed that the 
patient was in coma The arms were flaccid, while both legs were extremelj 
spastic Tendon reflexes vere exaggerated, tliose on the right side being some- 
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what more active than those on the left Plantar responses were flexor The 
patient failed to regain consciousness and died 

Examination of the brain disclosed extensive degeneration of the middle zone 
of the corpus callosum A thin dorsal and ventral nm of intact tissue remained 
on either side of the necrotic area The disease process extended from the genu 
and the anterior commissure caudally to the splenium 

There were large, symmetric areas of necrosis in the subcortical white matter 
of the frontal, parietal, temporal and occipital lobes Each lesion was confluent 
at some point with the degenerated portion of the corpus callosum In the temporal 
lobe, the optic radiations were affected There was bilateral softening of the 
middle cerebellar peduncles 

The histologic changes in the corpus callosum in this case were similar to 
those described in the first case In the subcortical white matter the affected 
areas were sharply delineated from the surrounding tissue by many ’astrocytes 
Within the nm of gliosis the myelin sheaths had completely disappeared, only 
scanty, pyknotic oligodendrocytes, proliferating capillaries and hypertrophic endo- 
thelial cells remained Fat-filled phagocytes were rare No evidence of inflam- 
mation was observed 

In the second case a history of alcoholism could not be verified The 
association of blindness and deafness in Marchiafava-Bignami disease has not 
previously been stressed, and it is of interest that they occurred in connection 
with extensive damage to the temporal and occipital lobes The well developed 
gliosis about the subcortical lesions was an unusual histologic feature 

Merritt and Weisman state that the clinical picture cannot be explained by 
the callosal lesion but requires postulation of a more diffuse cerebral disorder 
Marchiafava-Bignami disease is considered a form of chronic alcoholic encephal- 
opathy, for which an inadequate diet and prolonged alcoholism are necessary 


antecedents 


Guttman, Philadelphia 


A Study of the Mechanism of Velopharyngeal Closure Robert Harring- 
ton, J Speech Disorders 9 325, 1944 

Detailed dissections of the soft palate and pharynx of 10 cadavers were under- 
taken The purpose was to investigate the palatal origin of the pterygopharyngeus 
muscle The palatopharyngeus and salpingopharyngeus muscles were also studied 
In 8 of 10 cases a palatal origin of the pterygopharyngeus muscle was found to 
exist In the majority of cases this bundle consisted of a small strand of fibers 
which originated near the insertion of the levator palati muscle in the palatal 
aponeurosis, but in all cases a hamular origin of the muscle was also found The 
hamular origin was the better developed and was just inferior to the smaller 
(palatal) origin In 8 of 10 cases there were muscle connections between the 
palatopharyngeus and the pterygopharyngeus muscle 

The results of the study suggest the following conclusions 1 In addition to 
its hamular division, the pterygopharyngeus receives fibers which originate in the 
soft palate 2 The palatal fibers of the pterygopharyngeus may contribute to 
mesial movement of the pharyngeal walls during velopharyngeal closure 
3 Muscular connections between the palatopharyngeus and the pterygopharyngeus 
muscle normally exist 4 Because of these connections, the approximation of the 
palatopharyngeus muscles during velopharyngeal closure may contribute to the 
mesial movement of the lateral pharyngeal walls 5 In addition to the insertions 
of the palatopharyngeus muscle into the lateral pharyngeal wall, the salpingo- 
pharyngeus muscle may occasionally send fibers to the soft palate 6 The salpingo- 
pharyngeus muscle may contribute to velopharyngeal closure by creating an 
inbulging of the lateral pharyngeal walls This muscle may also contribute slightly 
to the elevation of the soft palate 

Four subjects with cleft palate and 1 subject who had a carcinoma of the left 
maxillary sinus with radical resection were studied for movement of the velum 
by roentgenographic and other methods 
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The general conclusions from both the anatomic and the physiologic studies 
are as follows 1 Palatal fibers of the superior constrictor muscle exist and 
probably account for a part of the anterior and mesial movement of the pharyngeal 
walls 2 Muscular connections between the palatopharyngeus and the pterygo- 
pharyngeus exist and may account for some of the mesial movement of the 
pharyngeal walls 3 Anatomic relationships of the salpingopharyngeus suggest 
that this muscle probably acts to raise the velum and to move the lateral walls 
of the pharynx in a mesial direction 4 Considerable mesial movements of the 
lateral pharyngeal walls exist 5 Mesial movement occurs over a considerable 
vertical extent Movement may be greater at a lower level than at the higher 
position 6 The amount of mesial movement is directly related to the extent of 
velar elevation 7 The greatest extent of mesial movement appears to occur in 
the area overlying the salpingopharyngeus muscle 8 Although there are signifi- 
cant differences between certain vowel sounds in regard to velar and mesial 
pharyngeal movements, these differences are not significant for the anterior move- 
ment of the posterior pharyngeal wall 9 The velopharyngeal mechanism does 
not function as a simple sphincter Palmer, Wichita, Kan 

Olivopontocerebellar Atrophy Osc^R LuQur and Raul Pucheta Morcillo, 

Rev argent de neurol y psiquiat 10 17 (March) 1945 

The authors report the case of a man aged 57 in whom weakness developed 
in all four limbs three years before admission, progressive impairment of speech 
was also observed For eighteen months prior to admission the patient was 
bedridden because of weakness For a time after the onset the lower limbs 
became tremulous on his attempting to walk For three months he complained 
of blurring of vision even during very short periods of fixation There was a 
history of mild, inconstant dysphagia 

Objective examination showed inability to sit up properly, the patient laughed 
readily, there were marked hypomimia and weakness m both lower branches of 
the facial nerve, the tongue was flabby and could not be protruded normally, 
use of the tongue in speech was definitely impaired, the masseter reflexes were 
exaggerated, no dysphagia was apparent, there was weakness of all the limbs, 
dysdiadiadokokinesis was present bilaterally, especially on the left , weakness in the 
upper extremities was more pronounced on the left, there were dysmetna and 
dyssynergia in the upper limbs, especially on the left, the tendon reflexes of 
the arms were hyperactive, the knee jerks were exaggerated, especially on the 
left, there was a bilateral ankle clonus, which was stronger on the left, the 
abdominal reflexes were diminished on the left, the Babinski sign was elicited 
on the left, and there was poor plantar flexion on the right, Oppenheim and 
Gordon signs were present on the right, dysmetna and asynergia were pronounced 
in both lower limbs Examination of the spinal fluid revealed nothing abnormal 
The patient died of pneumonia, five years after admission 

Postmortem examination showed evident atrophy of the middle cerebellar 
peduncles and atrophy of the cerebellum, especially the superior surface Both 
the vermis and the hemispheres were involved Conspicuous depressions, due 
to diminution of white substance, were seen in both quadrilateral lobes Histologic 
examination showed demyehnation of almost all the white substance of the 
cerebellum The intraohvary plexus from which fibers of the superior cerebellar 
peduncles arise was spared Fibrillary gliosis was observed in the demyehnated 
areas The dentate nuclei were entirely spared, but some of the cells were 
abnormally pigmented The myelin fibers deep in the white substance were 
^tensively broken up The association fibers were not so seriously involved 
The Purkmje cells had disappeared The granular cells were also much diminished 
in number, apparently in proportion to the extent of involvement of the Purkinje 
cells The basket cells remained but had become flattened transversely and 
enlarged verticalh as the Purkmje cells disappeared Structures in the granular 
lajer, prciioush described as dilatations of the axis-cjlmders of the Purkmie 
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cells, are considered by the authors to be their cell bodies pulled out of place 
The reasons given for this hypothesis are that intact Purkinje cells are not 
encountered in the presence of these dilatations, careful histologic studies showed 
Nissl substance, chromatin and structures resembling nuclei and nucleoli in 
these structures There i\ere pallor of the pyramidal tracts in the bulb and 
cord and disappearance of cells of the olives and of the olivocerebellar fibers 
The restiform bodies were about one-fifth the normal size The whole of the 
middle cerebellar peduncle had disappeared, with almost all the cells of the 
pontile nuclei gone and replaced by intense gliosis The authors believe that 
the pseudobulbar features \\ere due to impingement of the intense gliosis on the 
pyramidal tracts in the pons Savitsky, New York 

Meninges ,and Blood Vessels 

Hepatorenal Failure in the Waterhouse-Friderichsen Syndrome Bruno 

A Marangoni and Vincent C D’Agati, Am J M Sc 207 385 (March) 

1944 

Marangoni and D’Agati report 2 new cases of the Waterhouse-Friderichsen 
svndrome which they encountered m the treatment of 134 cases of menmgococcic 
infection at a station hospital 

The first case was that of a man aged 20 who was admitted to the hospital 
on Jan 24, 1943 with a diagnosis of infection of the upper respiratory tract 
On the eighth day the patient became desperately ill, he was pallid, apprehensive, 
restless and in severe shock Numeious petechiae and purpuric lesions were dis- 
tributed over the entire body Facial edema was observed, particularly about 
the eyes A blood count revealed 47,250 white cells, with 94 per cent poly- 
morphonuclear leukocytes 

A diagnosis of an overwhelming memngococcemia wuth adrenal hemorrhages 
(Waterhouse-Friderichsen syndrome) was made The patient was given a 
5 per cent solution of sodium sulfadiazine intravenously (5 5 Gm in 111 cc of 
sterile distilled water) A total of 80,000 units of meningococcus antitoxin was 
given intravenously within the first eighteen hours of therapy Colonies of 
Neisseria intracellularis tvpe Il-IIa were growm from the blood culture The 
patient died on the eleventh day in the hospital, eighty hours after the onset of 
the Waterhouse-Friderichsen syndrome 

The most striking observation at autopsy was the appearance of the adrenal 
glands, which together weighed 15 Gm They show'ed hemorrhagic areas, particu- 
larly in the left gland Microscopic examination revealed histologic changes 
in the adrenals, liver and kidney The hemorrhages m the adrenals were of 
varying sizes and involved both the cortical and the medullary area In the 
liver, there were engorgement of the central vein and sinusoids and marked 
dissociation of the hepatic cords, many of the cells showed necrobiosis, and 
many others were heavily laden with bile pigment The kidneys showed increased 
cellularity and avascularity of the glomerular tufts, focal areas of polymorpho- 
nuclear infiltration and interstitial edema were observed 

The second case w^as that of an obese white man aged 20, who was seriously 
ill but rational and oriented There was facial edema with puffiness about the 
eyes The body was covered with numerous petechial and purpuric areas The 
blood pressure was 60 systolic and 40 diastolic A blood cell count revealed 
66,950 white cells, of which 96 pei cent were polymorphonuclear leukocytes 
The blood culture was positive for Neisseria intracellularis type I A diagnosis 
of fulminating memngococcemia with adrenal hemorrhages (Waterhouse-Frider- 
ichsen syndrome) was made The patient w'as given 5 5 Gm of sodium sulfa- 
diazine intravenously in a 5 per cent solution of sterile distilled water Within 
the first twelve hours after admission he received a total of 80,000 units of 
meningococcus antitoxin intravenously The course was progressively downhill 
and the patient died eighty-eight hours after admission to the hospital The 
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significant observations at autopsy were moderate congestion of the liver and 
kidneys The corticomedullary demarcations of the kidneys were indistinct The 
brain revealed marked engorgement of its superficial vessels The adrenals were 
hemorrhagic and on microscopic section numerous small hemorrhages were noted 
involving both the medulla and the cortex The architecture of the hepatic 
lobules showed pronounced destructive changes in the central and mid zones 
The hepatic cords in these zones were completely destroyed The authors postu- 
late that their cases represent two clinical stages in the Waterhouse-Friderichsen 
syndrome The first, or fulminating, stage is generally recognized and consists 
of severe shock with circulatory collapse Survival of this stage ushers in the 
hitherto undescnbed second, or hepatorenal, stage, which is characterized clinically 
by marked oliguria with azotemia and pathologically by severe toxic hepatitis 
associated with glomerular and degenerative tubular changes The life expectancy 
of the patient is inversely proportional to the degree of adrenal tissue destroyed 

by hemorrhage Michaels, A U S 

Lymphocytosis in the Cerebrospinal Fluid Irving L Applebaum, Joel 
Shrager and William Paff, Ann Int Med 23 170 (Aug) 1945 

Applebaum, Shrager and Paff report their observations on 72 patients from 
the Canal Zone who had lymphocytosis of the cerebrospinal fluid, due to a variety 
of etiologic agents 

A resume of the conditions producing the lymphocytosis and the statistical data 
for this series is given in the following tabulation 


Diagnosis 

No 

of Patients 

Percentage 

Meningoencephalitis following mumps 

Acute lymphocytic meningitis, benign type 

(cause 

30 

41 6 

undetermined) 


17 

23 6 

Syphilis of central nervous system 


7 

9 7 

Tuberculous meningitis 


4 

S 6 

Chemical meningitis (intrathecal injection of serum. 

etc ) 

3 

42 

Acute encephalitis, cause undetermined 


2 

2 8 

Tetanus 


2 

28 

Trauma of brain 


1 

1 4 

Abscess of brain 


1 

2 4 

Cysticercosis of central nervous system 


1 

1 4 

Rabies 


1 

1 4 

Lymphocytic meningitis associated with malaria 


1 

1 4 

Guillain Barre syndrome 


1 

1 4 

Infectious mononucleosis 


I 

I 4 


The clinical patterns of mumps meningoencephalitis and acute benign lympho- 
cytic meningitis are discussed, and the early subsidence of the clinical syndrome 
with a relative lag in clearing of the pleocytosis was prominent in the cases of 
both types 

The following clinical classification was submitted as an aid m the differential 
diagnosis of lymphocytosis in the cerebrospinal fluid 

Acute lymphocytic meningitis (benign) 

Acute lymphocytic choriomeningitis 
Lymphocytic meningitis due to allied viruses 
Aseptic meningitis, cause undetermined (Wallgren) 

Other diseases of virus origin 

Mumps , acute encephalitis (varieties) , poliomyelitis , rabies , herpes 
(zoster and simplex) , common contagions , postvaccination , lympho- 
granuloma 1 enereum , infectious mononucleosis , Guillam-Barre 
syndrome 
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Specific bacterial infections 

Tuberculosis , syphilis ^ tetanus 
Fungous and parasitical infections (uncommon) 

Torula infection, cysticercosis 
Intraspinal infections introduced by chemical substances 

Serum , procaine solution , iodized poppyseed oil 40 per cent 
Meningitis sympathica (irritative) 

Sequela to trauma of brain, aural infection, subdural abscess, epidural 

Guttman, Philadelphia 


Pneumococcal Meningitis Recovery with Sulfamethazine [Sulfameza- 
thine] R Pakenham-Walsh, Lancet 1 649 (May 22) 1943 

The author reports the case of a woman aged 68 with pneumococcic meningitis, 
as proved by smear and culture of the spinal fluid She received 2 Gm of sulfame- 
zathme every four hours for five dose";, the administration starting the second day 
of the clinical disease The third day the dose was changed to 1 Gm every six 
hours , this dosage was continued for five days, when she showed signs of cyanosis 
and use of the drug was stopped The signs and symptoms subsided a few days 
later and she was able to walk unaided about the room in a month, but the pleo- 
cytosis persisted She was given 1 5 Gm of sulfamezathme three times a day 
for a week, but the pleocytosis persisted and was still present three months after 
the onset of the illness McCarter, Philadelphia 


Diseases of the Brain 

Tick-Borne Encephalitis Anatol A Smorodintsev, Am Rev Soviet Med. 
1 400 (June) 1944 

Smorodintsev reviews some of the studies on spring-summer, or tick-borne, 
encephalitis The incubation period is eight to eighteen days The onset is asso- 
ciated with elevation of temperature, headache, pains in the neck, vertigo and 
vomiting Meningeal and focal neurologic signs, followed by paresis and paralysis 
of the limbs, back and neck, predominate An ascending type of paralysis with 
subsequent bulbar involvement develops The average duration of the acute phase 
IS five to SIN days, but the acute stage may run its course in two to ten days The 
mortality rate ranges from 20 to 30 per cent Death usually occurs between 
the third and the eighth day of the disease Many patients are physically dis- 
abled by paralysis and atrophy of the cervical muscles and shoulder girdle The 
patients who recover do not display Parkinson’s syndrome, which occurs after 
von Economo’s lethargic encephalitis Spring-summer encephalitis in the European 
part of the Soviet Union is marked by a milder course, less invalidism and 
chronicity, w'lth a mortality rate of only 10 per cent 

The histopathology of spring-summer encephalitis is characterized by intense 
inflammatory and degenerative changes of the nervous system The pia mater 
of both the brain and the spinal cord is always involved An acute serous exudate 
appears on the meninges , the brain is softened and congested, and numerous hemor- 
rhages appear in the brain stem, the medulla and the horns of the spinal cord 
The most extensive lesions occur in the gray matter of the cord and medulla, 
fewer in the gray matter of the base of the brain and only slight changes in the 
cortex The changes consist in acute perivascular infiltration involving the brain 
stem and meninges and diffuse or focal infiltration of the gray matter The disease 
may be classified as acute nonsuppurative meningoencephalopoliomyelitis 

The causative agent is a virus which passes through the finest Berkefeld and 
Chamberland filters Monkeys, goats, sheep and white mice and other rodents 
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arc susceptible to the virus ]\Iice infected witli tlic spi ing-sunimci encephalitis 
virus react like those infected with strains of the St Louis and the Japanese 
encephalitis mi us The mi us belongs to t 3 '’pe B of seasonal encephalitis and 
cannot be neutrahred by the sciunis of patients rccovcicd from ^on Economo’s 
lethargic encephalitis It also diffcis stnkingl} fioni the mi us of the St Louis 
t\pc in its antigenic and immunogenic piopertics, since they do not give cioss 
ncutiahzation or immunitj” There arc antigenic factors common to both the 
spring-summer and the Tapanese cncepliahtis Mrus According to iccent obsciva- 
tions by Casals, the mi us of spi ing-summci encephalitis bears a close relation to 
the virus of looping ill thiough i (.actions to complement fixation, neutralization and 
intraperitoncal cioss resistance tests, while intracercbial cross icsistance tests give 
negatne lesults Ncithci the mi us of Russian encephalitis nor the mtus of looping 
ill appears to be i elated to the mi uses of the Japanese, St Louis and West Nile 
tjpes of encephalitis 

The Mrus of spring-summer encephalitis piopagatcs in Mtro in cultuics of 
minced chick embrjo tissue or vben inoculated in dc\ eloping eggs The amount 
of the Mrus cultuied in the egg is distinctlj less than that produced in the brain 
of infected mice 

The systematic increase of specific antibodies m the blood of coiualescent 
patients confirms the role of the Mrus as the specific causative agent of spiing- 
summer encephalitis The blood of convalescent persons contains specific anti- 
bodies, which arc present manj years after the initial illness 

The virus of ticK-bornc encephalitis is indigenous to the forest regions of the 
Far East, Siberia and the European pait of the Soviet Union, the Urals, Karelia, 
Western Ukraine and White Russia The disease is distinctly seasonal, beginning 
at the end of April, assuming epidemic proportions in May and reaching an inci- 
dence of 80 per cent between the middle of May and June Befoie May and after 
August only sporadic cases occur Model ate atmospheric temperature and rela- 
tnely high humidity fa\or the dc\clopinent of the disease The clinical and 
epidemiologic characteristics of tick-borne encephalitis distinguish it from the 
Japanese and the St Louis type, which aic most prc\alcnt during the dry% hot 
summer months of August and September In Japan and the United States the 
disease occurs not only' in agricultuial disliicts but also in dry, hilly, urban areas, 
favors no single occupational group and primarily affects persons over 40 years 
of age The epidemiologic evidence suggests that the propagation of encephalitis 
among human beings should be attributed not to contact transmission of the infec- 
tion but to vectors, such as the blood-sucking arthropods inhabiting the forests, 
the wood ticks 

The mortality rate of spring-summer encephalitis docs not exceed 30 per cent, 
whereas the mortality rate of summer encephalitis B i caches 60 to 70 per cent and 
that of the St Louis form averages 20 per cent A consideraijle number of con- 
valescent patients retain residual organic lesions, which is lare with the B and 
St Louis forms 

Data are presented which indicate that transmission of the disease is through 
ticks (Ixodes persulcatus) The transmission of the virus in the encephalitis area 
roay be traced from spontaneously infected larvae and nymphs to rodents or birds, 
which have a latent or clinical form of encephalitis These rodents, in turn, 
transmit the virus to healthy larvae and nymphs, thus completing the cycle 

Prophylactic measures aimed primarily at liquidating ticks and rodents are 
outlined Immunization with vaccine prepared from the brains of affected animals 
and inactivated with solution of formaldehyde is one of the most reliable methods 
Evidence is presented which shows the value of use of the formaldehyde-inactivated 
vaccine as a prophylactic measure Patients with spring-summer encephalitis were 
treated with repeated administration of convalescent serum and showed definite 
improvement Guttman, Philadelphia 
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Brain Abscess Associated with Congenital Heart Disease Stanley L 
Robbins, Arch Int Med 75 279 (May) 1945 

Robbins reports 3 cases of brain abscess associated with septal defects of the 
heart They were selected from the necropsy mateiial, comprising 7,080 cases, at 
the Mallory Institute of Pathology of the Boston City Hospital during the years 
1936 to 1943 This material included 53 cases of congenital heart disease of 
all types 

The first case reported was that of a 10 3 'ear old girl who had a history of list- 
lessness and extreme lethargy for seven days There was also a persistent cough 
for three or four days, followed by intractable vomiting The child died seven 
hours after admission, after a series of convulsions Necropsy revealed evidence 
of congenital heart disease and an abscess in the left parieto-occipital region The 
abscess contained, besides streptococci with alpha hemolysis, obvious oral organisms, 
namely, fusiform bacilli and spirochetes No path of extension from the oral 
cavity to the brain and no recognizable origin for infected emboli could be found 

The second case was that of a 19 year old Negro woman who had had several 
previous admissions to the hospital She had sj'phihs and was also diabetic She 
entered the hospital with acute glossitis During treatment for her infection and 
diabetes left-sided seizures developed, with a residual left hemiparesis and coma 
The spinal fluid showed evidence of infection, culture revealing an atypical 
streptococcus with alpha to gamma hemolysis Blood cultures repeatedly failed 
to yield any organism The suddenness and the dramatic character of the onset 
led clinical observers to the conclusion either that a cerebral embolism, primary 
site unknown, had developed or that there was an intravascular thrombosis The 
possibility of a brain abscess was apparently not considered Although no obvious 
focus for the origin of the septic emboli could be found either clinically or patho- 
logically, the infections of the mouth and lungs must both be considered as possible 
points of origin Autopsy revealed an abscess of the riglit paneto-occipital area, 
which communicated with the lateral ventricle The heart exhibited multiple 
congenital defects 

The third case was that of a 20 year old white woman who vv as known to have 
had congenital heart disease Two weeks prior to admission she began to experi- 
ence intermittent headaches, which became constant four days before she entered 
the hospital The headaches were accompanied with nausea and projectile vomiting 
Although she believed that she had had some fever, she experienced no chills 
She had clinical and laboratory evidence of meningitis However, it should be 
noted that at no time did a culture of the spinal fluid reveal organisms, although 
on one occasion gram-negative cocci were reported to have been seen on smear 
The patient died twenty-four hours after admission to the hospital At autopsy 
the only pertinent observations related to the heart and brain The tetralogy of 
Fallot was present In the brain there was a small abscess in the left superior 
temporal convolution At one point the abscess communicated with the lateral 
ventricle in the subarachnoid space As in the* previous case, the underlying brain 
abscess was entirely unsuspected 

Three cases of cerebral abscess complicating congenital septal defects of the 
heart are added to those previously reported, bringing the total number of such 
cases in the literature to 26 In only 3 cases in the literature has an antemortem 
diagnosis of the disease been made and surgical drainage been instituted, a propor- 
tion which reflects principally the difficulty in diagnosis, arising m most instances 
from unfamiliarity with this complication of septal defects of the heart 

With the increased number of cases reported, it is to be hoped that in cases of 
congenital heart disease, especially those with the tetralogy of Fallot, underlying 
brain abscess will be considered in the diagnosis of any focal neurologic damage 
or meningitis Certainly, only early recognition will permit successful surgical 
intervention and hope for cure of this uncommon syndrome 

Guttman, Philadelphia 
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Amblyopia Resulting erom Hemorrhage Ronald A Cox, Arch Ophth 32 

368 (Nov ) 1944 

Occasionally after profuse distant hemoirhage there is noticed immediately, oi, 
more fiequently, after the lapse of days, a sudden diminution of vision, which often 
goes on to complete and permanent blindness, with the ophthalmoscopic picture of 
atroph}”^ of the optic nerves Many theories as to the pathogenesis of the condition 
have been offered Von Graefe specifically assumed that hemorrhage into the optic 
nerve sheaths was the cause Westhoff and Ziegler stated the belief that the loss 
of vision was due to primary fatty degeneration of the optic nerve induced by 
ischemia Hoffman attributed the amblyopia and subsequent atrophy of the optic 
nerve to retrobulbar neuritis Leber stated that the ocular changes were produced 
not only by direct loss of blood but also by ictardation of the ciiculation, which 
resulted in edema and multiple hemorrhages m the retina Goerhtz ascribed the 
condition to foci of degeneration, probablj^ of thrombotic origin, behind tlie lamina 
cribrosa Wolff stated that this type of amblyopia was due to spasm of the 
aiteries, resulting from lack of oxygen Moore, in discussing Wolff’s paper, 
suggested that the unilaterality observable in some cases indicated a greater 
tendency to vascular spasm on one side of the body than on the other, such as 
occurs in migraine Hartmann and Parfonry stated that the efficacy of vaso- 
dilator therapy indicated that vasoconstriction was the cause of the amblyopia 
Groenouw asserted tliat persons who present ambljopia after hemorrhage have 
previously been ill and that a latent toxin manifests its effect bj’’ producing blindness 
immediately after the hemorrhage Holden stated that the process is peripheral 
and that the cause must lie in some product formed in the restoration of lost blood 
which IS toxic under certain conditions Duggan stated that the toxin responsible 
for the amblyopia following hemorrhage is a vasoconstrictor 

Regardless of specific pathogenesis, deprivation ol blood if sufficiently ctolonced 
will cause loss or impairment of function The case which the author reports was 


one of severe hemorrhage following a serious trauma 


Spalth, Philadelphia 


“Vibration Sense” as a Dipferential Diagnostic Sign in Doubtful Cases 
OF Parkinsonian Syndrome Alfred Gordon, J Nerv & Ment Dis 101 
589 (June) 1945 

In cases of unilateral parkinsonism, such as is seen after cerebral trauma, there 
IS frequently ground for diagnostic doubt, and m these instances Gordon has found 
that hypersensitivity to the oscillations of the tuning fork is present on the affected 
side The test is especially useful in differentiating parkinsonism from hysteria, 
and the author suggests that it may nave medicolegal value 

Chodoff, Langley Field, Va 

Relatonship or Intracranial Pressure and Presence of Blood in the Cere- 
brospinal Fluid to the Occurrence of Headaches in Patients with 
Injuries to the Head A P Friedman and H H Merritt, J Nerv & 
Ment Dis 102 1 (July) 1945 

Friedman and Merritt report data concerning the cerebrospinal fluid pressure 
and the presence of blood m the cerebrospinal fluid immediately following injury 
in 265 patients wuth acute head trauma and correlate their findings with the 
occurrence of headaches for periods varying from two to twelve months after the 
pressure was less than 160 mm m 56 per cent of patients, 160 to 
200 mm m 22 per cent, 200 to 250 mm m 17 per cent and over 250 mm in 5 per 
cent, while the cerebrospinal fluid was clear in 65 per cent and bloody m 33 per 
cent Thwe was a high degree of correlation betw'een abnormalities of the cere- 
brospinal fluids of either type and the duration of coma and amnesia after injury 
n general, the number of headaches, in either the immediate or the late post- 
traumatic period, did not vary _ significantly m patients with and without 
abnormalities of the spinal fluid 

Chodoff, Langley Field, Va 
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Macrostereognosia L Halpern, J Nerv & Ment Dis 102 260 (Sept) 1945 

Halpern reports a new phenomenon which he terms macrostereognosis m the 
case of a 47 year old man who displayed the sudden onset of dizziness and a 
sensation as though his right arm had been electrified Neurologic examination 
levealed left-sided hemihypesthesia with preservation of deep sensation, astereog- 
nosis and loss of position sense of the right hand, right-sided hemiparesis, and 
nystagmus on lateral gaze About six weeks later he experienced a “freezing” 
sensation, together with seveie, spontaneous painful sensations over the left half 
of the body This suggested a lesion of the right thalamus with probable involve- 
ment of the left thalamus as well The right-sided astereognosis gradually 
regressed, but as it did the following phenomenon appeared Although the patient 
was able to recognize objects placeu in his right hand, they appeared bulkier 
and more massive than they did when placed in the left hand This abnormal 
perception was not limited to the hand but involved the entire right half of the 
body After about a month it gradually disappeared, first from the trunk and 
then from the hand and fingers, persisting longest in the first three fingers 

Macrostereognosis is explained as a sensory irritation phenomenon and as an 
example of the “paradox of contrasting effects,” which is characteristic of thalamic 
disorders It bears an analogy to the already known macropsia, which has been 
regarded as an isolated occurrence in the pathologic picture of sensory perceptions 

Chodofe, Langley Field, Va 

Factors Influencing Mortaiitv in Head Injurv Harold C Voris, Radiology 
44 166 (Feb) 1945 

Voris reports on an analysis of 2,714 cases of head injury, the total mortality 
in which was 11 per cent 

The severity of the injury was the most important factor in the prognosis 
The age of the patient was equally important, from the age of 40 the mortality 
increased steadily 

Too much significance should not be attached to the presence of fracture 
Although cases of fracture showed a mortality of 16 5 per cent, as compared with 
a mortality of 9 3 per cent in cases of nonfracture, fracture was present m only 
567 per cent of the 120 cases of deaths It is, therefore, not necessary to have 
immediate roentgenograms of the skull unless depressed fracture, a penetrating 
wound of the cranial cavity, middle meningeal hemorrhage or fracture involving 
the nasal sinuses is suspected 

A bloody spinal fluid worsens the prognosis (17 per cent mortality, as against 
6 7 per cent mortality with clear spinal fluid), since severe cerebral contusion or 
laceration is probably present 

A spinal fluid pressure above 140 mm of water carries a grav'er prognosis 
(21 5 per cent mortality, as against 6 7 per cent with normal pressure) 

Associated injuries of the chest, some or spinal cord definitely raise the mor- 
tality rate This is also true of preexisting chronic cardiovascular and renal 
disease 

Acute medical complications are additional factors in influencing the mortality 
Thus, of 120 fatal cases, pulmonary complications occurred in 183 per cent, 
meningitis in 5 7 per cent and acute cardiovascular renal complications m 7 5 
per cent 

In the entire series, there were 20 cases of meningitis, with a mortality of 
60 per cent Treatment consisted essentially in administration of large doses of 
sulfadiazine until the cell count was normal and the culture was sterile Sulfa- 
diazine was also administered prophylactically to patients with bleeding or with 
drainage of spinal fluid from the nose or ear Teplick, Washington, D C 
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Tumors or the Third Ventricle Rafael J Babbini, Raul Barcelone and 
Juan B Albertengo, Rev argent de neurol y psiquiat 9 207 (June) 1944 

The authors report 6 cases of tumoi of the thud ventricle, m 2 of which the 
diagnosis was not verified There were 2 cases of colloid cyst of the third ventricle, 
1 of teratoma and 1 of ependymoma Thej'^ emphasize the value of lodoventricu- 
lography in the diagnosis of tumors of the third ventricle In none of the 4 
verified cases did recovery occui, in spite of operation In 2 cases there was 
paraljsis of upward gaze An unusual feature was a history of epileptic attacks 
for a few months in a case of colloid cyst of the third ventricle In 2 cases 
papilledema was not present, in spite of evident obstruction of the aqueduct of 
S34 mus In 2 cases of ependj'moma and colloid cyst, there was a long historj’’ of 
bouts of headache, of approximatelj twenty years’ duration In a nonverified 
case the ventriculogram show'cd a tuinoi of the third ventricle The patient 
improved after a rubber tube was inserted to diain the lateral ventricle into the 
cisterna magna Savitsky, New' York 


Encephalography, Ventriculography, Roentgenography 

Anatomical and Phtsiological Considerations Prerequisite to Diagnosis of 

B \CK Trauma Eben J Carey, Radiology 41 554 (Dec ) 1943 

Slight trauma maj disable i crtcbral bodies w'hich have been repeatedlj' insulted 
by postural errors and mechanical strain The a\ erage length of the spinal column 
IS 70 cm , about one-fourth the length being made up of intervertebral disks The 
primary curves, persisting from the embrj'onic axis, are those of the dorsal and 
the sacral areas The cervical and lumbar curves ai e secondary, or accommodation, 
curves The lumbar cur\e appears w'hen the child begins to stand and w'alk 
Physiologic scoliosis, with con^exlty to the right, is present in the upper dorsal 
region in right-handed persons 

Persons w'lth anomalies of the spinal column ha\e less stable backs and are 
more susceptible to trauma An elongated transverse process of the fifth lumbar 
vertebra, found in 25 per cent of persons with pain in the low'er part of the back, 
impinges on the ilium and may form a painful bursa Sacralization of the fifth 
lumbar vertebra, normally seen m 3 5 per cent of persons, occurs in 50 per cent 
of patients wuth pain in the low'er part of the back Defects in the neural arch, 
“kissing” spinous processes, abnormal lumbar lordosis, spondylolisthesis and con- 
stitutional variations of body build, all predispose to back sprain 

Teplick, Philadelphia 

Differential Diagnosis oi Traujiatic Lesions of the Spine S A I|;Iorton, 

Radiology 41 560 (Dec) 1943 

Morton discusses several conditions of obscure origin w'hich might be con- 
cluded on roentgenologic grounds to be the result of a definite mjuiy, but which 
are probably not of traumatic origin 

Nontraumatic dislocation of the atlantoaxial joint occurs m young persons, 
accompanying infections of the throat or cervical nodes It may occur with 
rheumatic fever The dislocation is rotary, and usually roentgenograms reveal 
a definite separation between the odontoid process and the anterioi arch of the 
atlas Hypertrophic changes of the posterior margins of the cervical vertebrae, 
with projecting spurs, may produce nuchal pain, radiating down the arms 
Oblique views aid m visualizing this condition Senile osteoporosis, without 
trauma, may produce a vertebral collapse in the dorsal area A previous trauma 
cannot, however, be entirely disregarded 

Scheuermann’s disease, or osteochondrosis of the secondary vertebral epiphyses, 
is fairly common The characteristic roentgenographic appearance of irregular, 
W'avy upper and lower surfaces of the body, with symmetric wedging, does not 
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suggest the effects of fracture Localized epiphysitis, in the lower dorsal or 
upper lumbar vertebra, occurs in an anterior corner of the body Increased 
density, fragmentation and beveling of tlie vertebral body occurs characteristically 
The body of only one vertebra is involved “Persistent epiphyses,” a defect 
m the upper anterior border of a vertebral body, with a triangular piece of bone 
above and slightly anterior, is asymptomatic The cause is unknown Nuclear 
molding, or Schmorl’s nodes, is a biconcave expansion of the intervertebral disks, 
seen most commonly in the lumbar area They are unrelated to injury Kummell’s 
disease (compression fracture of a vertebra), a post-traumatic rarefaction and 
collapse of a vertebral body after a latent period, is not an entity established 
beyond doubt Teplick, Philadelphia 

Osteoporosis Circumscripta Cranii Frank Windholz, Radiology 44 14 
(Jan) 1945 

Windholz reports 3 cases of this condition in none of which the disorders was 
related to Paget’s disease Case 1 was that of a woman aged 63, and the 
osteoporosis was part of a well recognized leontiasis ossea, as proved by biopsy 
Case 2 concerned a woman aged 58 in whom the osteoporosis was associated with 
a peculiar osseous condition of the skull present since youth, called fibrous 
osteodystrophy and appearing clinically as leontiasis Extensive hyperostoses 
surrounded the osteoporotic areas Case 3, that of a woman aged 58, showed 
the changes in the skull characteristic of osteoporosis circumscripta, with atypical 
roentgenographic and clinical signs suggestive of hyperparathyroid disease 
A few years later the latter diagnosis was firmly established, both clinically and 
roentgenographically A parathyroid adenoma was removed 

In the literature, only 60 per cent of the cases of osteoporosis circumscripta 
were related to Paget’s disease Other associated conditions were leontiasis ossea, 
bony tumors of the jaw, hyperparathyroidism and tumors of the brain The 
author believes that osteoporosis circumscripta is a characteristic reaction of 
the bones of the cranium and is probably caused by circulatory disturbances in 
the presence of bony hypeiplasias or of bony tumors near the base of the skull 

Teplick, Washington, D C 

Intracranial Angiographi C F List, C H Burge and F Hodges, Radiologj' 
45 1 (July) 1945 

Intracranial angiography offers a means of obtaining information of value m 
cases of suspected intracranial aneurysm and anomalies of intracranial vessels, m 
certain cases of arterial occlusion and in cases of expanding lesions involving one 
ceiebral hemisphere which have not been accuratelj localized 

The internal carotid artery supplies intracranial branches to the structures 
above the tentorium, while the subtentorial portions of the brain are supplied by 
branches of the vertebral vessels 

For carotid injections, local anesthesia is used, and the common carotid artery 
IS exposed Whenever feasible, injection is made into the internal carotid artery 
directly When the common carotid artery must be used, the external carotid 
artery is occluded during the injection 

Ordinarily, three injections are made, two to obtain stereoscopic lateral 
exposures, and the third for a posteroanterior view The opaque material is 
forced into the artery as rapidly as possible When the injection is about two- 
thirds complete, the first lateral exposure is made As soon as the film can be 
changed (about three seconds), a second lateral roentgenogram is made, which 
records venous return After irrigation with isotonic solution of three chlorides 
U S P , the entire procedure is repeated, with the roentgenographic tube shifted 
for stereoscopic pictures During the third injection a single posteroanterior 
exposure is made 
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Exposure of the vertebral artery for direct injection is technically difficult If 
the vessel is satisfactorily exposed, a direct punctuie may be made at the level 
of the sixth cervical body, retrograde injection into the subclavian artery will 
indirectly fill the vertebral vessel and its branches 

Despite Its radioactivity, a 25 pei cent colloid suspension of thorium dioxide in 
amounts not exceeding 30 cc is the preferred injection medium, giving the best 
visualization and being virtually nomrntating The authors believe 30 cc oi less 
IS probably without late haimful effects fiom radioactivity 

Tcplick, Washington, D C 

Osteogenic Sarcoma of the Skull L H Gariand, Radiology 45 45 (July) 
1945 

While secondary sarcomatous degeneration in Paget’s disease (osteitis 
deformans) of the skull is not uncommon, primary osteogenic sarcoma of the skull 
is extremely lare The former occurs in persons of the older age groups, when 
primary osteogenic sarcoma of any bone is unlikely 

A seaman, aged 17, noticed a lump at the base of the slcull, which had grown 
m two months to the size of a ping-pong ball It caused some limitation of cranial 
movement and was slightly painful At a Pacific base hospital a diagnosis of 
osteochrondroma was made and the mass removed No report of ^biopsy was 
available In about eight weeks the mass recurred, being slightly more painful 
and reaching about 8 cm in diameter Roentgenograms of the slcull showed 
extensive thickening of the outer table of the occipital bone, chiefly to the right 
of the midline, with considerable spiculation and a small amount of irregular cal- 
cification in the tumor The inner table appeared completely normal A roent- 
genographic diagnosis of primary osteogenic sarcoma of the occipital bone was 
made 

The tumor, together vitli invaded soft tissues and muscles, was excised, and 
a molded tantalum plate was inserted to replace the bone The liistologic diagnosis 
was sarcoma, osteoblastic and osteogenic Despite intensive postoperative irradia- 
tion and the excellent condition of the patient one month after irradiation, the 

outlook was considered hopeless tTr i ^ 

Teflick, Washington, D C 

Congenital Anomalies 

An Unusual Familial Syndrome A P Friedman and J E Roy, J Nerv & 
Ment Dis 99 42 (Jan) 1944 

Friedman and Roy repoit on a family of 6 feebleminded children of parents of 

average intelligence Each had a mental age of less than 3 years and presented 

identical neurologic signs , namely, strabismus, extensor plantar reflexes, speech 
defect and foot deformity The parents were cousins, their fathers having been 
half-brothers Electroencephalograms of the mother and of all 6 siblings showed a 
uniform tendency toward high voltage and irregular frequency 

Chodoff, Langley Field, Va 
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Clinical Implications of the Bellevue-Wechsler Test, with Particular 
Reference to Cases of Injury to the Brain Dr Milton Greenblatt, 
AIiss Rosaline Goidman and Dr Gat lord P Coon 

Experience with the Bellevue-Wechsler test at the Boston Psychopathic Hos- 
pital mer a period of six years leads us to believe that it is a superior test 
because it can be administered with relative ease, has been standardized on adults 
oier a wide age range, has the flexibility of a point scale, wnth the possibility 
of direct comparison of performance on various test items, and taps a wide 
range of functions and elicits data of considerable lalue and interest to the 
clinician In cases of the state characterized bv the term “brain damage,” this 
test would seem of special value for both diagnosis and im estigation 

Two types of signs were found in cases of damage to the brain — quantitative 
and qualitative The quantitative signs consisted essentially in a w'lde discrepancy 
in the w’eighted scores of various subtest items As a rule, performance on non- 
verbal Items (picture arrangement, picture completion and block designs) was 
most seriouslv affected, but there was always at least one verbal subtest in which 
there was loss of ability to function The qualitative signs were best displajed 
in the nonverbal test items, in which the patients showed rigiditj, inabilitv to 
shift attention or change the mode of response, inability to ignore superficial or 
extraneous stimuli and difficulty m organizing material into either a required 
pattern (block designs) oi a meaningful, logical sequence (picture arrangement) 
In cases in which both quantitative and quahtativ'e irregularities of performance 
W'ere found, clinical analysis revealed a high incidence of damage to the brain 
Within the bioader framework of the “organic” pattern as elicited with the 
Bellevue-Wechsler test, we noted seven variant configurations, or profiles, which 
were more or less mutually exclusive The full significance of these profiles is 
not yet clear, certainly, they are not specific for any given disease entity As a 
rule, the greater the loss of function as displayed in the psychologic examination, 
the more serious was the cerebral damage There were suggestive relationships 
betw'een the particular psj'chologic configurations and certain groups of symptoms, 
but the meaning of these trends must await a greater accumulation of cases 

DISCUSSION 

Dr Frederick Wyatt Of the criticism which traditionally is expected to 
follow a scientific presentation, I have little to offer This is an interesting and, 
from the standpoint of the psychologist at least, a rather successful study It may 
have been a surprise that we were not presented with more statistics Remem- 
bering the folkways of psychologists, we might have anticipated blackboards full 
of figures and tables The authors should be commended for having emphasized 
the qualitative aspects of their observations No quantitative study should be 
attempted until the possibilities of organizing the material m one’s thought and 
of establishing a tentative framework of reference have been exhausted To test 
the most sensible hypothesis is the function of statistics m an investigation like 
the present one As I have had a previous opportunity to discuss this paper, I 
shall sum up its quantitative aspects by saying that the authors might now find it 
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helpful to apply X 2 technics systematically m order to obtain measuies of the 
differential significance of individual results 

In 72 per cent of the cases the clinical and psychologic findings were m agree- 
ment The remaining 28 per cent present a problem How can one account for 
this disagreement? First, it should not be forgotten that this study grew out 
of routine clinical work Patients do not care to take tests , they are full of wiles 
and offer complex problems for psychologic study, to which I shall return in a 
moment The medicoclinical work-up was not always so complete as one would 
have desired If one had for all the subjects data from all the clinical tests 
given to a number of them, the percentage of agreement between clinical and 
psychologic diagnosis might well have been higher 

In order to evaluate the significance of the 28 per cent disagreement between 
the two methods, with the diagnosis of “brain damage” by psychologic methods 
unsupported by medical ones, one must ask oneself what it actually means when 
psychologists report findings such as those presented here Primarily, it means 
only that the subject under scrutiny shows deficiencies in certain types of intel- 
lectual action, or in certain aspects and functions of his thinking In psychologic 
testing, certain patterns of deficiency were found empirically to concur with the 
clinically established diagnosis of cerebral damage On a somewhat more deductive 
line of reasoning, these deficiencies also seemed to indicate that with impairment 
of intellectual functions one would expect to encounter inadequate functioning 
of the brain This last point, however, while indicating that a brain cannot 
function at “normal” capacity when operating in such a deficient manner, does 
not necessarily imply that this inferior performance is due to one of the stark 
pathologic processes clinically labeled “brain disease ” 

In accordance with Dr Goldstein’s ideas, the aspect of thinking most con- 
spicuously reduced in these cases is the ability to perform abstractions One 
might elaborate and add that there is reduction in the ability to analyze a whole 
or to synthesize parts into a whole, to draw simple inferences from data, to 
recognize configurations and to fit elements into them correctly, to learn, to retain 
and to recall from memory Besides actual cerebral disease, at least two other 
factors may account for a reduction in at least some of these functions con- 
genital inferiority, as in feeblemindedness and probably m some forms of psycho- 
pathic personality, and states of emotional conflict causing conditional and temporary 
disabilities of a somewhat different kind While the more clearcut of these 
disturbances can be distinguished rather successfully with the Wechsler-Bellevue 
test, one need only recall the infinite complexity of psychologic qualities, the fusion 
and overlaying of character traits and disease syndromes which is the rule, rather 
than the exception, in our clinical material, to acknowledge that in the 28 per cent 
the negative clinical diagnosis might be final and the psychologist’s statement of 
an impairment of thinking might still be correct, though it may not spell “brain 
disease” m the succinct sense of the clinic 

The pattern analysis presented by the authors seems to me a successful step 
toward further isolating and clarifying the various subpatterns of deficient intel- 
lectual functioning and of approximating their clinical meaning Would it be 
possible now to go further and to aim toward a more detailed analysis of patterns 
of performance? If two patterns of test performance are too vaguely similar to 
be distinguished, yet do not accord at all with corresponding clinical findings, 
one must assume that there are factors of difference m the results not yet seized 
on Could one map out in detail all the mental functions called forth in each 
of the subtests of the Bellevue scale? Some of the subtests seem to be based on 
memory and recall only, most are more complex, however The cube test, for 
instance, the most sensitive of the Bellevue subtests, involves abstraction, gen- 
eralization, analysis, synthetic acts and probably more Could a list of intellectual 
functions be designed into which a subject’s performance could be entered, in 
terms not of subtest scores but of abilities and disabilities shown in performing 
these functions? Pattern analysis could thus be put on a much more differential 
basis Several subgroups within the somewhat tenuous class of encephalopathic 
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peiformances might be isolated, and the test might thus be made a more sensitive 
instrument of diagnosis 

Dr Kurt Goldstein This is an interesting and clinically important paper 
If I were to say anything, I should question whether it is necessary and useful 
to employ so many tests One can often reach the same result in an easier way 
by careful analysis of the procedure of the patient in one test That is the case 
particularly with damage of the function of abstraction There is scarcely onfc 
test which could not be used for this purpose It is only easier to find the defect 
with the tests I have proposed There is an interesting difference in tests as to 
the amount of endowment the patient needs to fulfil the test and, on the other 
hand, as to the amount of impairment of some functions, particularl> abstraction, 
which can be hidden by use of endowment Always, analysis of the procedure by 
which the test is fulfilled is the most important point, sometimes vith use of 
subtests which impede use of endowment 

Dr Andras Angyal, Worcester, Mass This study demonstrates again the 
\alue of psychologic test procedures in neurology, particularly m cases in uhich 
cortical damage is suspected In the diagnosis of cerebral damage the Wechsler- 
Bellevue test is of course not the test of choice The test, having been devised 
primarily for a different purpose, includes many items which are not particularly 
helpful m the diagnosis of cerebral damage There are, however, some other 
items m the test m which one is likely to obtain rather characteristic responses 
in the case of cortical damage The authors made a contribution of significance 
in pointing out the characteristics in the results of the Wechsler-Bellevue test 
which suggest the diagnosis of cerebral damage, the test is being given routinely 
m manv psychiatric hospitals, and it is an advantage to be able to derive useful 
information in addition to determination of the intelligence level 

Dr Leo Berman I am interested in the cases of functional disorders included 
in the study In what percentage of these cases would you find organic damage 
to such a degree that it would lead to a change in diagnosis from functional to 
organic disease^ 

Miss Rosaline Goldman It should be emphasized that this whole study is 
the outgrowth of routine testing at the Boston Psychopathic Hospital We are 
required to give psychologic examinations in court cases, and we have suspected 
cerebral damage m many instances We feel that a routine psychologic examina- 
tion gives a great deal of incidental information of great use to the clinician 
before it is available from other sources When a psychologist is primarily 
interested in studying cerebral damage, he will use other tests especially designed 
for that purpose 

Dr Milton Greenblatt Concerning the 28 per cent of “problem” cases to 
which Dr Wyatt referred, I can say that the psychometric test shows no less 
loss of function in this group than m the group in which clinical corroboration 
was found Psychologically, the defects m the 72 per cent group and those in 
the 28 per cent group were roughly the same There was no difference in age 
distribution, so age was not a factor We did get the impression that the 28 
per cent group was worked up less completely than the 72 per cent group Why 
were these cases not worked up as welP Probably largely because the indications 
were not there If we had tested specifically for cerebral damage, instead of 
carrying out routine tests, we probably would have found many cases of the 
28 per cent group that would fall into the 72 per cent group, thus enlarging the 
latter As Dr Angyal mentioned, and in reply to Dr Goldstein’s question This 
was a routine test and gave data besides those relating to cerebral damage We 
wondered how much weight the clinical staff should put on the observations of 
the psychologists In 72 per cent of the cases in which the psychologists offered 
the diagnosis of cerebral damage there was some clinical corroboration How often 
IS there clinical evidence of damage to the brain when the psychologists say 
nothing IS wrong? We hav'e found it occasionally, but the percentage is very low. 
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We have not yet analyzed any large senes of cases in which the diagnosis 
was manic-depressive psychosis oi schizophrenia In how many of such cases 
will these abnormal psychologic responses.be found? I agree with Dr Wyatt that 
the absence of complete overlap of clinical and psychometric data leaves room 
for speculation One may ask the cause of the psychologic disorder found in 
the 28 per cent group Factors of endowment and constitutional factors cannot 
be ruled out In Wechsler’s series taken from the population at large, from 
which he derives averages which one relies on, in what percentage did these 
abnormal responses occur? Dr Goldstein’s writings and observations have meant 
a great deal to us They have provided significant leads for our psychologists 
Whenever in the routine Bellevue test we found suggestive evidence of cerebral 
damage, we continued our study with the did of more specific tests, such as those 
devised by Dr Goldstein 

Fatigue in Relation to Adrenal Cortex Dr Gregory Pincus and Dr Hudson 

Hoagland, Worcester, Mass 

Studies of stress in relation to the output of l7-keto steroids as a measure of 
the activity of the adrenal cortex were reported, and the effect of administration 
of certain steroids on fatigue of psychomotor performance was described The 
output of 17-keto steroids in psychotic patients and in controls under conditions 
of stress was also compared 

In the first series of studies, 7 college students were given 67 two to six hour 
runs, after an adequate learning period, on a serial coordination meter with air- 
plane type controls 

Timed samples of urine were collected before each run and also for the period 
of the run After correction for time of day from a curve for the diurnal excre- 
tion rhythm, the output of 17-keto steroids under stress, i e , the mean test value 
for 17-keto steroids minus the control value, expressed as milligrams excreted 
per unit of time, was calculated This value for excretion of 17-keto steroids under 
stress was found to be correlated to a striking degree with the subject’s ability 
to avoid errors due to increasing fatigue, in that the men showing the lowest out- 
put of 17-keto steroids under stress had the fewest errors 

In another senes of experiments on ’an airplane type pursuit meter, anoxia 
was found to increase the over-all output of 17-keto steroids, in close relation to 
failure in scoring ability The output of 17-keto steroids under stress was studied 
in 16 Army pilots in 152 routine instruction flights and in 7 Pratt and Whitney 
pilots in 56 test flights Correlation coefficients of > 0 95 dt < 0 01 were found 
between the per cent of time the pilot was airborne and his output of 17-keto 
steroids unc^er stress An independent rating of the fatigability of Army fliers 
made by their squadron commander correlated significantly with the degree of 
diuresis during stress 

Attempts were made to find a steroid substance that could be taken orally and 
that would enhance performance in fatiguing psychomotor operations and which, 
at the same time, would be harmless 

In a preliminary series of tests, neither oral administration of adrenal cortex 
extract nor injections of progesterone were accompanied with improvement in 
pursuit meter scoring, but the administration of ^^-pregnenolone was effective 
Seven Army pilots accordingly made a senes of scored runs on an airplane type 
pursuit meter and were given alternately placebos and As-pregnenolone (50 mg 
per day), followed by placebos again A significant improvement in scoring — in 
absolute score, in decrement measures and m "emergency” performance — occurred 
during the administration of pregnenolone These findings were subsequently con- 
firmed by a series of tests on 7 hired civilian subjects, who, although their per- 
formance improved with pregnenolone, showed much less improvement than the 
aviators In all, 304 tests were made with the 14 men Those persons under most 
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stress from their daily work, provided they were striving to make maximum 
pursuit meter scores, were the ones whose performance improved with pregnenolone 
In another senes of tests on psychotic patients and on indifferent hospital employees 
we found no improvement with pregnenolone These groups was characterized 
by low incentive and low effort in the tests 

The effect of pregnenolone on industrial production was then studied, and the 
following observations were reported 

Eight leather cutters were studied over a period of eight weeks The men 
received no incentive paj, and the amount of production per se was therefore not 
a measure of the effects of experimental procedures The wastage of leather was 
measured and compared when the men were receiving 45 mg of A^-pregnenolone 
per day and w'hen they were receiving placebos indistinguishable from the preg- 
nenolone pills Administration of pregnenolone was not found to lessen the 
w'astage in cutting sole leather 

Tw'elve turret lathe operators (8 men and 4 women) were studied in relation 
to their daily production of bayonets on a piece w'ork incentive basis when they 
w'ere receiving pregnenolone and w'hen they w'ere receiving placebos During 
administration of the placebos the efficiency of production increased 10 1 ± 2 18 per 
cent, during administration of pregnenolone the increase w'as 183 ± 1 71 per cent 
The difference of 8 2 per cent is three times the standard deviation, and the value 
of P IS 0 005 The difference is therefore statistically significant 

The number of scrapped bayonets w’as less by 32 7 per cent when the w'orkers 
were receiving pregnenolone than w'hen they w’ere receiving placebos, but this 
difference in figures for scrapped production is not quite statisticall> significant 
(P-0 06) 

On discontinuation of all medication, an increase in efficiency of about 10 per 
cent remained during the four w'eeks the production was continued The role of 
job stress and incentive w'as discussed in relation to the findings 

Piece work production of 173 male and female workers making optical goods 
was studied when they w'ere receiving placebos and when they w'ere receiving 
pregnenolone A significance increase of 4 2 per cent in over-all production was 
found for 77 workers taking 50 mg of ^^-pregnenolone per day as compared with 
their previous production levels This was 1 3 per cent higher than the levels 
when they w'ere taking placebos, and the difference is statistically significant 

The decrease in wastage and repairs for 39 w'orkers amounted to 18 9 per cent 
when they w ere taking pregnenolone and 13 7 per cent w'hen they w’ere taking 
placebos as compared w'lth their preexperimental levels 

Ninety-six w'orkers w^ere studied for three months One-third took 70 mg of 
As-pregnenolone per day in the form of pills, another third took 25 mg per day 
and a third took 0 1 mg per day (a placebo for all practical purposes) The group 
receiving 70 mg of pregnenolone showed most pronounced improvement in earn- 
ings and in the saving of wastage The improvement shown by the group receiving 
25 mg a day fell between that of the group receiving 70 mg and that of the group 
receiving 0 1 mg a day There were thus demonstrated significant differences in 
dosage in relation to improvement of industrial production resulting from the 
ingestion of pregnenolone 

Some improvement of production due to pregnenolone tended to be retained 
after the termination of medication 

A comparison of function of the adrenal cortex in normal and in psychopathic 
subjects under the stresses of cold, heat, pursuit meter operation and psychologic 
tests revealed the following facts 

1 A rise in urinary 17-keto steroids during stress, follow'ed by a sharp fall 
after stress, occurred in normal men, this pattern w'as not observed in most 
psychotic subjects 



SOCIETY TRANSACTIONS 


719 


2 A deciease in the total numbei of ciiculating lymphocytes m the blood 
occurred in normal men (the reduction avei aging 25 per cent), but no such 
decrease was observed in psychotic men, rather, there was a rise (averaging 25 
per cent) 

These data are interpreted as indicating a failuie in response of the adrenal 
coitex to stiess in psychotic men 


DISCUSSION 

N 

Dr Joseph C Aub This is obviously impoitant work It reminds me of 
Piofessor Benedict’s studies of fatigue in student examinations He concluded 
that It took 2 peanuts’ worth of caloi les to cerebrate actively , that did not explain 
the fatigue of an hour’s examination This study comes near explaining the 
fatiguq that comes with hard work It is surprising that the adrenal glands 
should be so greatly involved When Selye first desciibed the alarm leaction, 
I was skeptical about it One cannot be skeptical about it any more The point 
which puzzled me was the prolongation of the immediate use m excretion of 
17-keto steroids wuth alarm and the pioduction of these substances for weeks 
afterwaid The authors have not shown the speed of recovery of ketosteroids 
after alaim, if one could call it that — the acute stresses they have been studying 
How' long IS the rate of exciction of 17-keto steroids distorted? 

I have nothing new' to offer m rcgaid to this w’ork The only work analogous 
is that on the deer My colleagues and I have been studying the grow'th of deer 
antleis and the action of 17-kclo steroids We tried to deteimine the excretion 
rates but failed I am mteiested in the extraordinary psychologic reactions of the 
deer to injections of the steroids We have used only testosterone The deer is 
a wondeiful animal for psychologic study The male is like the female ten months 
of the year He is chaiming and has none of the unpleasant male characteristics 
Then for tw'o months the buck has all the disagreeable characteristics usually 
manifested by man He is aggiessive and iriitable If one gives a buck testo- 
sterone when he is doehke (w'e w'anted to see w'hat the diug w'ould do to the 
antlers), he becomes like a male He has all the unpleasant characteristics One 
cannot get into the cage w'lth him w'lthout being attacked He is aggressive toward 
the doe, although it is not the season He tries to fight , he tears his antlers If 
testosterone is injected two months before the antlers start to grow, he shows 
the same characteristics he w'ould later A few' years ago I talked to this society 
about the lack of effect of 17-keto steroids and estiogen on the characteristics 
of maleness and femaleness The rates of excretion of these substances were the 
same in girls and boys Therefore the characteristics of sex were not explained 
by their rates of excretion One does change the personality of a buck by the 
injection of testosterone It is a potent hormone 

Dr O H Pearson I am not qualified to talk about this subject My associ- 
ates and I have taken considerable interest in it, but, unfortunately, we have nothing 
to report as yet One phase of the w'ork of Hoagland and Pmcus is the use of 
drugs and the measurement of then effect I should like to ask what hormonal 
activity pregnenolone has It was interesting to note the curves m the measure- 
* ment of piece w'ork of the subjects, to note that the work increased with adminis- 
tration of placebos One finds that in all clinical work on drugs, particularly 
w'hen the exact action of the drug is not known 

Dr Hallow'ell Davis Did pregnenolone prevent colds? 

Dr Hudson Hoagland, Worcester, Mass No, I am sorry to say that it 
did not We went over the data and found no correlation 

Dr Jacob E Finesinger The disconcerting thing about the alarm reaction 
IS that almost anything may produce it Does that hold true with respect to the 
excretion of ketosteroids? Does the nature of the stress make any difference? 

Dr Joseph C Aub Does it make any difference in the action on the sympa- 
thetic nervous system whether the stress situation is pleasant or unpleasant? 
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Dr Hudson Hoagland, Worcester, Mass In reply to Dr Finesinger, we 
have not found out much about one stress as compared with anoflier We have 
used various stresses to determine the hormonal involvement In students taking 
examinations, for example, we observed the ketosteroid response to stress Such 
stress may be comparable to pursuit meter opeiation and exposure in a cold room, 
but we cannot compare its strength We have used the pursuit meter under con- 
ditions of anoxia We have found that the lymphocyte count falls, ]ust as it does 
in a hot room We have not been able to compare one stress with another, except 
to note that extremely varied stresses seem to make for changes in the output of 
ketosteroids 

Dr Gregor\ Pincus, Worcester, Mass To answer Dr Aub’s question first 
We have not measured accurately the latent period between stress and return to 
normal excretion It would seem m the case of the pursuit meter operation that 
the effect in a normal person lasts a minimum of two hours, Eien one of our 
poststress ketosteroid measurements represent a period of at least tw'o hours, and 
the values are lower than one would expect if no stress had occuired We have 
measured the lymphocyte response much more exactly It is over in one or two 
hours after a stress applied for one hour The 17-keto steroids represent an 
accumulation of metabolites of adrenal cortex hormones The decrease in lympho- 
cytes represents the action of active hormones of the adrenal cortex, according to 
White and Doherty If the adrenal cortex extract is injected, the hmphocyte 
count drops, if normal animals are subjected to stress, it drops, if adrenalccto- 
mized animals are subjected to stress, it does not drop 

Dr Joseph C A.ub Does it not seem strange that anything so essential as 
the adrenal cortex should exhaust itself and ha%e a long latent period before it 
returns to function? 

Dr Gregory Pincus, Worcester, Mass Do you call one or two hours long? 
If you refer to damage done due to burns, w'e have no experiments We have only 
short time experiments I should be interested m studying patients w'llling to 
live in a hot room longer They might be more like the patients wuth burns Why 
the depressed phase of 17-keto steroid output should continue so long in cases of 
severe damage is something which has not been answered by an> experimentation 
I know of 

Dr Hudson Hoaglaxd, Worcester, Mass Mr Fred Elmadgian is doing 
the stress work on rats The stress consists in tying down the animal After the 
rat has been tied down, the lymphocyte count falls for several hours After that 
the count starts to rise, and in ten to fifteen hours it is nearly back to normal, 
even though the animal is still tied dowm Animals w'lth the adrenal glands remo\ ed 
do not show any drop in the lymphocyte count 

Dr Gregory Pincus, Worcester, Mass The effect of placebos is well knowm 
in industrial experimentation Give w'orkers anything and they do better We 
were aw'are of this when we started the investigation , that is wdiy w e had the 
placebo controls I do not know^ why placebos w’ork 

Information is beginning to accumulate on the physiologic action of pregneno- 
lone Selye has showm that it has certain hormonal properties It is unique 
among steroids in that in large enough doses it has a multiplicity of hormonal 
properties It acts, for example, as an adrenal cortex steroid and as a progestin 
It seems to be pharmacologically, as well as hormonally, active Selje’s notion, 
and one we have felt has some basis, is that it is a substance w’hich might be 
converted m the body into hormonally active steroids In subjects w'ho have 
taken pregnenolone we find a striking increase in estiogen output m the urine 
We find evidence for production of progesterone from pregnenolone in vno We 
do not know about conversion to adrenal cortex steroids There is no doubt that 
pregnenolone is pharmacologically active m large doses What we have used is 
probably a small dose for human subjects We have not explored the limits of 
the dose Perhaps we should try a wider range There is, how'ever, the matter 
of expense 
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Dr Hudson Hoagland, Worcester, Mass Torda and Wolff have leported 
that piegnenolone facilitates the synthesis of acetylcholine Estrone and estradiol 
also do this, but these are the only three out of many steroids they have examined 
which are effective One is tempted to speculate whether this factor may play a 
role 111 facilitating conduction in the nervous system m relation to fatigue 


Madelame R Brown, M D , Presiding 
Regular Meeting, May 17, 1945 

Diagnostic Aspects of Unilateral Ruptured Cervical Disk Dr Jost J 

Michelsen and Dr Wiiliam Jason Mixter 

The data to be presented were collected from 18 cases, m 5 of which lesions 
existed at the fifth, in 12 at the sixth and in 1 at the seventh interspace In 12 
cases the left side was involved The chief complaint was pain associated with 
paresthesias in the region of the scapula, arm and hand, of two weeks’ to two years’ 
duration Remissions in cases of a long-standing condition were common Two 
types of pain were observed All patients described sharp, stabbing pain from the 
shoulder down to the arm, forearm and fingers, most of them also experienced 
a dull, gnawing ache, more or less constant, in certain parts of the extremity The 
pain either gradually progressed downward to the distal parts of the extremity, 
beginning in the shoulder blade, or was present in the entire area of distribution 
from the start Discomfort m the lower cervical legion as an initial symptom was 
mentioned only infrequently Paresthesias involved the fingers chiefly, and in a 
few instances the whole extremity or part of the arm as well Coughing, sneezing 
and straining precipitated or aggravated the pain and paresthesias In the ma 3 ority 
of cases certain movements of the neck had the same effect The type of the 
aggravating movements was not uniform 

The distribution of the pain and paresthesias in the arm and forearm seemed 
to form a characteristic pattern according to the level of the lesion, in the fingers 
it IS variable Lesions at the fifth cervical interspace with compression of the 
sixth cervical nerve root involved the anterolateral portion of the upper arm, the 
antecubital region and the radial aspect of the forearm, thumb or thumb and index 
finger, or the fingers might be spared, lesions at the sixth cervical interspace 
(seventh cervical nerve root) involved the posterolateral aspect of the upper arm, 
the olecranon and the dorsal aspect of the forearm, wrist, second finger, second 
and third fingers, or second, third and fourth fingers and all the finger tips In 
1 case all the fingers seemed to be affected first, later the index finger alone was 
affected The patient with a rupture at the seventh cervical interspace (eighth 
cervical nerve root) had pain and paresthesias in the inner aspect of the upper arm 
and forearm and the little finger The shoulder blade was implicated m all instances 
regardless of the level of the lesion In 3 cases a burning pain was experienced 
in the leg on the side opposite that of the shoulder-arm syndrome Weakness of 
the arm or of specific muscles, as well as fasciculations and atrophy, was reported 
frequently In all but 1 case one or two major, and probably significant, injuries 
had been received some time prior to the onset of the disability 

The more common clinical signs were (1) absence of cervical lordosis, (2) 
tilting of the head to the side opposite the lesion, (3) aggravation of symptoms by 
certain movements of the neck , (4) tenderness of the shoulder blade, supraclavicular 
area and lower cervical portion of the spine, (5) sensory disturbances in a 
“dermatome” distribution , (6) atrophy, fasciculations and weakness of certain 
muscles , (7) diminished arm reflexes on the side of the lesion, and (8) more active 
leg reflexes on the same side 
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None of the patients presented all these changes Electromyographic studies 
were made by Dr Arthur Watkins and Dr Mary Brazier m 10 cases Com- 
pression of the seventh cervical nerve root produced spontaneous discharges most 
often from the triceps muscle, as well as from the deltoid, extensor carpi ulnans, 
extensor carpi radialis, flexor carpi radiahs and opponens polhcis muscles Recently 
it was observed that the intensity of the discharge varied with different positions 
of the neck The cerebrospinal fluid protein was definitely increased in 7 cases, 
normal m 7 cases and nearly normal in 4 cases The lowest value, 18 mg per 
hundred cubic centimeters, was found in the case with the largest disk fragment 
in the senes The dynamics were normal except in a case m which the patient 
was admitted with a history of long-standing pain in the shoulder and arm and 
recent paraplegia following a dental operation Roentgenograms showed absence 
of cervical lordosis, degenerative changes in the lower cervical portion of the spine 
and narrowing of the fifth and sixth cervical interspaces The narrowing of the 
interspace did not ahvays correspond with the level of the lesion Myelographic 
studies were performed in 17 cases In 2 cases the oil could not be removed from 
the site of the injection In the others a definite filling defect or arrest of the 
radiopaque medium was shown at the site of the ruptured disk The contrast 
substance was removed according to the method of Kubik and Hampton 

In the majoiity of cases treatment had been previously carried out for such 
conditions as bursitis, neuritis, mjofibrositis, arthritis and disease of the coronari 
arteries Differentiation of the root compression syndrome and these entities is 
not usually difficult As to the scalenus anticus syndrome, it is probably true 
that a ruptured cervical disk may pioduce spasm of the scalenus anticus muscle 
There also may be relief of symptoms following section of this muscle, just as 
nonspecific surgical measures apparently were successfully used in the past for the 
treatment of ruptured lumbar disk In certain instances the clinical differentiation 
of intraspinal root compression and extraspinal disease of certain components of 
the brachial plexus, of mechanical origin, wall remain a difficult problem How'crer, 
ordinarily the combination of sjmptoms and signs in a case of ruptured cervical 
disk IS such that extraspinal disease can be well ruled out In doubtful cases 
myelographic studies W'lll settle the question 

mscussiox 

Col William P Van Waglnen, M C , A U b This is a fascinating subject 
klajor Scoville has been more interested in this phase of the problem than I He 
has seen almost all the patients at the Army hospital at wdiich w'C are stationed 

I wish the authors would comment further on the differential diagnosis of the 
ruptured cervical disk, particularly with reference to the scalenus anticus syndrome 

What percentage of civilians with pain in the shoulder and pain radiating 
down the arm actually have ruptured cervical disks? In the Army it is very 
small The number of cases of ruptured disk m persons of military age is not 
great I suspect that the authors’ patients are older, it would be interesting to 
know' what age group they lepresent There is a great deal of variation in the 
distribution of pain referable to the cervical nerve roots My colleagues and I see 
that every daj The variations in the arrangement of the brachial plexus are 
enormous 

A comment by the authors on the surgical details of their approach and treat- 
ment w'ould be of interest 

This study has been carefully carried out, and it has been a pleasure to listen 
to its presentation 

Major William B Scoville, M C , A U S I have been interested in this 
clinical entity since 1939, and with Colonel Spurling I published a report of the 
surgical treatment in 12 cases in 1943 (Snrg , Gynce & Obst 78 350 [April] 
1944) I am in accord with Colonel Van Wagenen’s statement that a cervical 
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ruptured disk is a lare suigical lesion, hut I believe that it is a common clinical 
entity In othei words, the disability is mild and only occasionally warrants 
surgical intervention Compression of the nerve lOots at the lowei cervical ver- 
tebral foiamens accounts foi most of the diagnoses of scalenus anticus syndrome, 
biachial neuralgia and other obscure neuralgic pains of the shoulder and arm 
When roentgenograms reveal arthritic changes localized to one interspace, I believe 
that the piobable diagnosis is a cervical ruptuied disk rather than hypertrophic 
arthritis The so-called hard disk is three times as common as the soft variety 
111 the ceivical region The hard variety is characteiized by absoiption of the 
nucleus with nan owing of the interspace, localized bony proliferation into the 
intervertebral foramen and a hard transverse ridge formed by protrusion of 
the cartilaginous plate and concomitant changes in the bone 

The proportion of clinical cervical ruptured disks requiring operation is low — 
probably less than 10 per cent In the authors’ senes it constituted 6 out of 40 
cases In the remainder of the cases the disability was mild The ratio of 
operations for ruptured cervical disk to operations for ruptured lumbar disk ranges 
from 1 SO to 1 12, being 6 270 m the authors’ series, 2 120 at Cushing General 
Hospital and 12 145 at the Walter Reed General Hospital 

Diagnosis In all cases m the authors’ series, the lesion was located m the 
fifth 01 the sixth interspace The signs and symptoms include stiffness of the 
neck, pain m the shoulder, radiating down the arm to the thumb and forefinger, 
weakness of grip and of function of the triceps and biceps, with corresponding loss 
of leflexes, subjective numbness of the index finger or the thumb, positive reaction 
to the neck compression test, tenderness over the adjacent spinous process, and 
increase of pain on coughing and sneezing Vasomotor signs and ulnar distribution 
of the pain favor a diagnosis of scalenus anticus syndrome As pointed out by 
Michelsen and by Spurling and Scoville, spasm of the scalenus muscle may be a 
prelude to cervical ruptured disk, but the pain soon shifts from an ulnar to a radial 
nerve distribution 

Myelographic examination, using 6 cc of Pantopaque (iodized poppyseed oil, 
with special cohesive properties) and then removing it, should be done in all oper- 
ative cases A single Bucky film is generally sufficient to show the entire lower 
cervical dura and root sleeves Roentgenographic diagnosis of a cervical ruptured 
disk is made on the basis of (a) narrowing of the intervertebral space, (b) bony 
proliferation into the intervertebral foramen in oblique views and (c) a lateral dural 
defect or obliteration of a root sleeve in the myelogram I have seen 2 cases of 
combined rupture of cervical and lumbar vertebral disk in which classic defects 
were revealed in the myelogram 

Operative Approach I strongly advocate the upright “cerebellar” position 
A buttonhole unilateral approach, with laminotomy, similar to the lumbar approach, 
IS used The hole through the overlapping laminas can best be made with a high 
speed spherical drill, followed by chisel and curet The dural root sleeve comes 
off at right angles to the dura, in contrast to the lumbar root sleeves This prevents 
displacement of the dural sleeve during removal of the ruptured disk The cervical 
intervertebral space is too narrow to permit insertion of pituitary rongeurs The 
best that can be done is (a) to remove any "soft” fragments of a protruded nucleus 
(rare) , (b) curet the interspace with a small curet (difficult) , (c) remove with 
curet, nail punch or dental chisel, any cartilaginous ridge (beware of stimulating 
further proliferation of bone), and, lastly, (d) cut the sensory root (three fourths 
of the total diameter of the root) and occasionally transplant the motor portion 
of the root m a cephalad direction by slitting the dura upward This was done m 5 
cases, with improvement in motor (triceps) function and no appreciable sensory loss 

I wish to congratulate Dr Michelsen on his excellent survey, I believe his 
operative series constitutes one of the largest m the United States 

Major F H Leivey, M C , A U S Rupture of the intervertebral disk seems 
to occur as a result of infraction of the epiphysial plate of the upper and lower 
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adjacent vertebrae, subsequent slipping of the disk and eventual biting off of its 
protruded part by the. sharp edges of the vertebrae in a sudden dorsiflexion of 
the spine The possibility of an epiphysial infraction is facilitated by the persistence 
of a certain stage of normal embryonic development in many normal persons 

Dr Samucl Lowis A patient with rupture of a disk of recent traumatic 
origin at the fourth cervical interspace, with compression of the fifth cervical root, 
showed the following signs diminution of the biceps reflex, pain extending into 
the anterior aspect of the forearm on the lateral side and into the medial side of 
the axilla, an area of diminished sensation on tlie anterior surface of the upper 
arm adjacent to the axilla and another area of diminished sensation at the base 
of the thumb, with lio signs or other symptoms referable to the hand or fingers, and 
pain and tenderness m the interscapular and suprascapular areas 

Dr Joseph F Dorsey I should like to ask Dr Michelsen whether one should 
obtain a myelogram in all cases of ruptured cervical disk Roentgenograms of 
the cervical portion of the spine show narrowing at the affected interspace In 
addition, the level may be locali7ed precisely by neurologic examination When a 
hemilaminectomy is done, two roots arc usually Msualized, so that the chance of an 
error in the level of the operative site is minimal To me it uould seem that 
myelography is an unnecessary procedure 

Dr Jost J Michelsen The average age of our patients was 45, the youngest 
being 32 and the oldest 68 Differential diagnosis of the scalenus anticus syndrome 
and root compression may be difficult indeed However, the sensorv manifestations 
of root compression have a different distribution Only wuth lesions at the seventh 
interspace may they resemble those of neuritis of the lower part of the brachial 
plexus, of mechanical origin The postural factors arc different, too Aggravation 
by certain movements of the neck, as well as by coughing and sneezing, is sugges- 
tive of an mtraspinal lesion , certain movements which relieve the discomfort in 
cases of ruptured disk aggravate pam and paresthesias in cases of a spastic 
scalenus anticus muscle Changes in the blood pressure and pulse, wdiicli are 
common wuth, and diagnostic of, compression of the brachial plexus, arc absent 
with ruptured disk Injection of procaine into the scalenus anticus muscle may be 
helpful Myelographic studies in doubtful cases will usually determine the site 
of the lesion w'hen other methods fail As to the surgical procedure. Major 
Scoville has answ^ered some of the questions We have not had any difficulty in 
using the ordinary instruments for laminectomi, namely, the duck bill rongeur, 
the Kernson rongeur and, occasionally, a small chisel and hammer The ruptured 
disk was removed either extradurally or intradurallj In all the cases m which 
operation was performed free fragments of cartilage w-cre lifted out w’lth a forceps, 
wuthout dissection or curettement I have omitted another case in wdiich there 
w'cre exostoses, wdiich Major Scoville mentioned In 1 of our cases the posterior 
root was sectioned after removal of the fragment of disk All the patients recovered 
after the operation, only 1 recurrence has so far been observed Myelographic 
studies were performed for several reasons It w'as felt that the presumptive 
diagnosis of this relatively new' entity should be confirmed by unequivocal evidence 
of the type, location and size of the lesion We have not had much success with 
the neck compression test Perhaps w'e did not use it correctly If the reaction 
was positive, simple tilting of the head tow'ard the side of the lesion precipitated 
or aggravated the discomfort, too The indication for operation w'as based on the 
degree of disability In all cases some type of conservative treatment had been 
given before the patients were sent to us, m 2 cases exploration w'as not done, 
since the discomfort was not severe enough to warrant operation 

Effect of Anoxia as Measured with the Electroencephalogram and the 
Interaction Chronogram in Psychoneurotic Patients Dr Jacob E 
Finesinger, Dr Erich Lindemann, Dr Mary A B Brazier and Dr 
Eliot D Chafple 

This papei wull be published m full in the Awe? icon Jouiiial of Psyclnatiy 
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Studies on the Physiology o£ Flight Effect o£ Anoxia on the Electro- 
encephalogram o£ Psychoneurotic and Normal Adults Dr Mary 
A B Brazier 

In the field of electiocncephalography, the crux of the pioblem can be expressed 
m the foini of two questions (1) Where do the cui rents oiiginate, and (2) What 
determines tlie fiequency at which they oscillate? The answei to the first question 
IS fairly well established, and it is generally recognized that the origin of the 
electrical potentials is in the cells of the cerebral cortex The second question has 
not yet been fully answei ed, but a bodj*^ of evidence is being collected to indicate 
that the rate of oscillation of these potentials is directly correlated with the rate of 
metabolism in the cells of the cerebial cortex This evidence has accumulated 
from observations of the following type, if the metabolism of the cortex is upset 
by its being deprived of sufficient substiate, namely, glucose, the electroencephalo- 
gram will show slowing If the metabolism of these cells is stimulated by some 
such agent as thyroxin oi pyiexia, the electi oencephalographic frequency again 
wall speed up , or if the metabolism of these cells is depressed by depriving them 
of sufficient oxygen, the electroencephalogram, again, will reflect the change The 
last situation, m wdiich the electroencephalogi am lesponds to anoxia, is the subject 
of this study 

Bergei w'as the first to show' that low'ering of the oxygen concentration of the 
inspired air slow'cd the rate of the cortical potentials, and this observation has 
since been abundantly confirmed by other investigators It was the purpose in this 
study to apply this fact as an objective method for assessing the degree of response 
of a subject to low' oxygen concentrations, and this entailed the development of 
a method of measurement of these rhythms in order to be able to quantitate any 
change w'liich took place 

A tracing w'as show'ii of a normal electroencephalogram, taken while the subject 
W'as breathing air Below' it w'as the record of the same subject when breathing 
a mixture containing only 8 8 per cent oxygen (a mixture simulating an altitude of 
20,000 feet [6,060 meters]) The slowing of the electroencephalographic rhythm 
W'as obvious to the naked eye , but in order to measure the exact degree of slow'ing, 
a method had been developed for quantitative analysis of these records 

A measuring rule, originally designed by Dr Hallow'ell Davis, was used for 
this work It consists of a transparent sheet marked off for the various fre- 
quencies, this sheet is laid over the electroencephalographic record so that the 
interval between peaks of the w'aves can be determined and their frequency lead 
off from the figures at the side of the scale In this way it is possible to determine 
the percentage of each record w'hich is covered by waves of the various frequencies, 
and a distribution curve can be assembled representing the amount of each fre- 
quency present An example of such an analysis was show'n 

In the sample shown, the greater portion of the record consisted of w'aves of 
10 cycles per second, with lesser amounts of other frequencies, so that the dis- 
tribution curve of the frequencies show'ed a peak at 10 cycles If any slowing of this 
electroencephalographic rhythm took place, owing to the subject’s breathing air of low 
oxygen content, one would expect the w'hole distribution curve to move to the left, 
into the range of slower frequencies, and this, in fact, was what was observed 
A tracing was shown, which was for 1 subject only, with a solid line represent- 
ing the distribution of frequencies m the electroencephalogram when air w'as 
breathed, and a broken line the distribution w'hen the oxygen was reduced to 
8l per cent (equivalent to an altitude of 22,000 feet [6,666 meters]) At the low 
oxygen level, the whole curve had shifted to the left, into the slower frequency 
range There were many features of this shift which might be used as measure- 
ments For example, the amount of activity slower than a certain frequency could 
be used, and this would obviously be greater m the left hand curve than in the 
right and would give some measure of the slowing of the electroencephalographic 
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potentials, or one could use the shift of the peak of the curve, which is called the 
dominant frequency, since that was the frequency which dominated the whole of 
the electroencephalographic tracing For the purposes of simplicity and brevity, 
the latter feature was presented only in the data which follow 

In this subject’s record the dominant frequency shifted by a cjcle when the 
oxygen was reduced In any large group of subjects who are breathing air the 
dominant frequency varies from person to person, but when charted it shows a 
distribution curve around the most common value for normal people, which is 10 
to 10 5 cycles per second 

Such a distribution curve was shown foi 37 subjects breathing air, together with 
the shift for the same 37 subjects to slower frequencies at oxjgen levels below 
11 per cent (i e , at simulated altitudes abov'e 13,000 feet [4,545 meters]) The 
degree of this shift was statistically significant Tins chart showed a difference 
between the electroencephalograms of a group of subjects breathing air and those 
of subjects at low oxygen levels, but it did not give information as to whether this 
slowing takes place suddenly at an altitude of, perhaps, 15,000 feet or whether it 
IS a response which is correlated with the Icv'el of anoxia involved 

In a table, the same senes of 37 subjects were divided into three poitions those 
at oxygen levels below 9 per cent (i e, above 20,000 feet) , those at oxjgen levels 
between 9 and 10 per cent (18,000 to 20,000 feet [5,454 to 6,060 meteis]), and those 
at oxj'gen levels between 10 and 11 per cent (15,000 to 18,000 feet) It is immedi- 
ately clear that the average slowing was greater the lower the oxvgcn level Here 
then, IS one vaiiable which affects the degree of slowing, m other words, the 
degree of slowing is dependent on the degree of anoxia There is, howev'er, another 
variable at work, the carbon dioxide level Great technical difficulty was experi- 
enced in eliminating all the expired carbon dioxide from the circuit, since it 
accumulated so quickly and some inevitablv remained to be rebreathed In none of 
the 37 cases reported hei e was the inspired carbon dioxide over 0 5 per cent, but 
a striking difference was found in the degree of response to low oxv'gen levels 
between those subjects who were bieathing less than 0 3 per cent carbon dioxide 
and those who were breathing betw een 0 3 and 0 5 per cent carbon dioxide There 
was a greater slowing of the electroencephalogram at the lower carbon dioxide lev'els 

When both the oxygen and the carbon dioxide level were low, there was the 
greatest slowing of thiv electroencephalogram When the oxygen was reduced 
only to the 10 to 11 per 'cent level and the carbon dioxide was ovei 0 3 per cent, 
the electroencephalogram snowed no slowing The influence of carbon dioxide on 
the reaction of subjects m lew oxygen concentrations was expected from all the 
work that has been done m this field, but it was an unexpected result to find that 
carbon dioxide exerted its influence m such low concenti ations as 0 3 per cent 

These two variables, the oxygan and the carbon dioxide level, were, however, 
not the only two variables in the present data In the original group of subjects 
under discussion, there was a third variable, namely, that of this population 25 
were psychoneurotic patients and 12 were normal adults Since it was one of the 
objectives of tins study to determine whether patients with psychoneuroses reacted 
to oxygen deprivation m the same way as normal subjects, the results have been 
analyzed from this point of view 

To simplify the issue, one variable was eliminated from this analysis, namely, 
the influence of carbon dioxide Only those experiments m which the carbon 
dioxide was less than 0 3 per cent were included, hence, only 18 subjects were 
included It was found that the electroencephalograms of the psychoneurotic 
patients showed a greater degree of slowing than did those of the normal adults 
The difference found by measurement was of statistical significance This finding 
that the psychoneurotic patients show a greater slowing of their electroencephalo- 
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graphic frequencies undci anoxic conditions than do normal adults has many 
implications, especially if one goes back to the opening question raised m this 
paper, namely, that the fiequcncy of electroencephalographic potentials reflects 
directly the condition of metabolism in the cortical cells The electroencephalo- 
graphic lesults suggest that the metabolism of the coitical cells of the psycho- 
neurotic patients is more labile than that of normal adults 

DISCUSSION ON PAPl RS IlY DR riNCSINGHR AND ASSOCIATES AND DR BRAZIER 

Major F H Lewey, C , A U S This is a series of stimulating and 
interesting experiments and observations I was specifically impressed by Dr 
Braziei’s conti ibution, realizing how, much moic information can be derived from 
the elcctrocncephalogi am bv application of statistical methods 

Did I understand Di Finesingei correctly as stating that the changes of fre- 
quency of the electi oencephalogram under his experimental conditions followed 
Arrhenius’ equation^ This would mean that the leaction time of the physicochemi- 
cal processes undeihmg the electi ical potentials of the electroencephalogram rises 
with the temperatuie but that the ii regiilaiity of this so-called coefficient of temper- 
ature followed Arrhenius’ lathei than van’t Hoff’s, equation Was this statement 
meant to be an analog), oi did the gioiip of patients wuth inci eased oi decreased 
activitj show' changes in tlieir temperature chaiacteristics? 

Dr WiLiTAM G Lennox I want to expiess my appreciation of this well 
integrated and well cooidinated studv I hesitate to suggest additions to the 
already complicated obscr\ations, but I w'lsh Dr Fmesinger had made use of his 
technic for recording the pulmonary ventilation Lack of oxygen induces increased 
respiration, which, m turn, sharply alteis the carbon dioxide content of alveolar 
air and of arterial and cerebral capillary blood Therefore I object to the title, 
which implies that obseivcd changes m the electroencephalogram are due to 
anoxemia alone Measuiemcnt of the small variations in the caibon dioxide 
content of inspired air can be of no significance, for the severe anoxemia induces 
hyperpnea, w'hich greatly decreases the carbon dioxide content of arterial blood 
The relative impoitancc of oxygen and of carbon dioxide in altering the frequency 
of brain w'aves can be decided only by measuring the levels of these two gases 
in the blood entering and leaving the brain Dr and Mrs Gibbs and I made 
observations of this sort after putting a needle into an internal jugular vein and 
another in a femoral arterj' We found that carbon dioxide was more influential 
in altering brain w'ave frequencies than w'as oxygen We could carry subjects 
to unconsciousness with anoxemia, but if we kept constant the levels of carbon 
dioxide in the arterial blood there w'as no appreciable slowing of brain waves 
Dr Brazier suggested that unusual effects in neurotic patients may be due to 
something specific in the metabolism of the neurons of these patients Possibly, 
however, such persons have an unusual respiratory response to anoxemia, which 
w'ould cause unusual changes in the carbon dioxide content and in the brain waves 
Again, their cerebral circulation might respond m an unusual way to a given 
change m the oxygen or the carbon dioxide level of the arterial blood We 
observed that patients w'lth petit mal had unusual slowing of brain waves w'lth 
hyperpnea We found that this slowing was due to failure of the cerebral arterioles 
to constrict with overventilation Failure of constriction meant failure of slowing 
of the blood flow, and hence lowering of carbon dioxide tension in the capillaries 
and resultant slowing of the brain waves Some such mechanism m neurotic 
patients would seem simpler than postulation of a cortical cell metabolism which 
is specific for neurotic persons 

Lieut Col Jackson M Thomas, M C, A U S I am not qualified to 
comment on the oxygen and carbon dioxide factors studied in this investigation 
As a clinical psychiatrist, however, I should like to know what sort of questions 
the patients were asked What was the nature of the interviews? I wonder 
whether all the patients should be classified as psychoneurotic The speaker s 
use of the words “activity” and “inactivity” in describing the patients puzzles me 
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Dr Erich Lindemann In order to obtain a comparison of the clinical 
behavior of subjects during the experimental interviews, ive obtained disk record- 
ings of the verbal interaction between the patient and the interviewer The changes 
in behavior noticeable were of twm types In one type the patients became restless, 
appeared distressed and demanded permission to leave the anoxia chamber — this 
was likely to happen during the mixing period In the other type, the patient 
became increasingly uncommunicative and then ceased to respond altogether, so 
that the experiment had to be interrupted These two extremes, acute appre- 
hension ivith restlessness, on the one side, and apathj' w ith failure to respond, on 
the other, seemed to be two poles of a continuous series presenting various com- 
binations of the factors mentioned It is of interest that the restless state was 
often attended by phenomena suggesting autonomic stimulation — sighing respira- 
tion, flushed face and profuse sw'eating — while the apathetic state seemed to progress 
insidiously without any such dramatic manifestations 

During the second interview, as the experiment proceeded, we again noticed 
tw’o different states one of overactivity, w'lth somew'hat gairulous talking with 
euphoria, the other of reduced communication, shorter responses, stereotjped 
answers and inaccurate answ'ers In addition, w’e noticed evidence of the disin- 
tegration of* language , there w'ere no complicated sentences and frequcntl}' onlj 
fragments of sentences, monosyllabic answers There was also some dysarthria 

The complexities of the changes in the clinical behavior suggested that they 
involved not only the effect of anoxia on cortical functions but also effects on 
the autonomic nervous system, probably related to stimulation of the carotid sinus 
In former w'ork. Dr Finesinger and I w'cre able to show that injections of 
epinephrine and mecholyl may be follow'cd b> pronounced changes m the rate of 
verbal activity of psychiatric patients during inters lews, the former reducing and 
the latter increasing activity It is likely that the changes m the rate and qualitj 
of verbal actuity result from both factors, autonomic and cortical 

That autonomic stimulation may occur at smaller degrees of reduction in 
oxygen than interfere m cortical functions would explain w’hy changes in rate 
of activity W'ere observed at relatively high levels of oxygen, while changes in 
the electroencephalogram appeared only at more pronounced degrees of anoxia 

Dr Jacob E Finesinger In reply to Colonel Thomas’ question The basis 
of our diagnosis w'as description of symptoms The patient has disorders diagnosed 
as anxiety neurosis, hysteria, leactive depressions and combat neurosis — the kind 
of patient seen here today We tried to control the topics in the inteniew' We 
tried to keep aw'ay from charged topics We thought the school topic was probably 
not a charged topic for most people We tried to standardize the interview' as 
best w'e could, knowing that there w'ere gaps As to activity and inactivity. 
Dr Chappie w'lll comment on that 

Dr Eliot D Chapple We mentioned the w'ork of Stier and Pincus on 
respiration and activity in order to point out that some of the mechanisms of 
control activity w ere possibly located m the low'er centers, not to imply that w'e w ere 
changing the temperature of our subjects in order to use the Arrhenius equation 

Dr Mary A B Brazier In reply to Dr Lennox It w'ould add considerably 
to knowledge of the effect of anoxia on cerebral activity to have information 
from the blood stream, but in this particular experimental situation, in which 
we try to have as normal an interview as possible, such manipulation is out of 
the question I agree that the data presented here are not critical in deciding the 
roles of oxygen and carbon dioxide, but such critical data do exist and have come 
from another laboratory Since the originator of that w'ork is here tonight, I shall 
ask him to answ'er that question 

Dr Hudson Hoagland, Worcester, Mass The fact that brain wa\e fre- 
quencies may correlate better with the content of blood coming from the brain than 
they do with the corresponding oxygen content does not at all militate against the 
view of the importance of cell respiration as a determinant of brain wave frequencies 
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There is a large factor of safety for oxygen transported to the brain, and 
hence oxygen tension can be considerably reduced without modifying cerebral 
respiration, since the limiting factor is the degree of saturation of enzymes and this is 
not affected until after considerable reduction in the oxygen content of the blood 

It seems to me that there is one set of experiments which conclusively demon- 
strates that alpha frequencies are directly proportional to cerebral respiration 
These experiments have been published m a series of papers by our group at 
Clark University since 1936 and were reviewed in 1944 (Hoagland, H Colloid 
Chemistr}’-, edited by J Alexander, New Yoik, Reinhold Publishing Coipoiation, 
1944, vol 5) They show that the “energies of activation” of the processes 
determining alpha frequencies are identical with those found for certain specific 
key respiratory enzymes studied in vitro and known to be limiting factors in 
cerebral respiration There is no way in which the results of these experiments 
can be interpreted except in terms of this view, namely, that the frequencies in 
resting subjects, with closed eyes, are directly proportional to the speed of certain 
chemical steps (specific enzyme pacemakers, or bottlenecks) m the sequence of 
cellular respiration This view is consistent with our findings that dmitrophenol 
and thyroxin speed the rhythms and with our observations and those of other 
investigators showing that alpha frequencies are slowed by hypoglycemia 

Accoidmg to my view, carbon dioxide as an acid metabolite produced by 
cellular respiration is an important agent in firing the cell Its production in the 
cell IS a direct determinant in the cell’s recovery from its refractory phase, since 
it acts to determine potassium diffusion gradients, which are the basis of bioelectric 
potentials according to work from a number of laboratories Thus the more 
carbon dioxide is produced the more rapid the recovery, and hence the faster the 
frequency of firing of the cells This view is not inconsistent with what is known 
of the role of acetylcholine m relation to bioelectric potentials Of course, the 
absolute frequency of firing of a chain of cells depends on the electrical constants 
of the tissues, as well as on respiration , but these electrical constants must average 
as stable values for any given group of cells, such as those contributing to the 
alpha rhythm in the resting subject with closed eyes Otherwise, the results 
obtained in our measurements of energies of activation, previously referred to, 
relating alpha frequency to respiratory enzyme systems, would not have been 
obtainable 

There is, thus, no meaning to the controversy about oxygen versus carbon 
dioxide m relation to the dynamics of brain waves Carbon dioxide produced at 
a rate proportional to the cell’s respiration (respiratory quotient of the brain is 
unity) can fire the cell by creating potassium potentials If this mechanism is 
correct, one should expect the results obtained by Gibbs and others, who have 
found that brain wave frequencies parallel more closely the carbon dioxide than 
the oxygen content of the blood when air containing varying amounts of carbon 
dioxide and oxygen is breathed 


Madelaine R Brown, M D , Presiding 
Regular Meeting, Oct 18, 1945 


A New Psychiatric Rating Scale Dr William AIalamud and Dr Hudson 
Hoagland, Worcester, Afass, and Lieutenant I Chari es Kaufman, 
Aledical Corps, Army of the United States 


Quantitative rating of the degrees of intensity in the course of mental illness 
IS of fundamental importance if changes in the behavior of patients with mental 
disease are to be correlated with physiologic and biochemical data 

Twenty items of significance in the evaluation of the status of psychotic 
patients were selected These items were chosen on the basis of two factors 
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(a) items in ^\hlch the degree of variation from the average or normal was 
meaningful, (b) items which could be observed and evaluated equally well by 
independent observers The functions selected fell into three groups (1) those 
that could be observed directly during an interview, (2) those that could be 
obtained through communication with the patient during an interview and (3) 
those aspects of behavior that could be observed by the ward personnel over a 
twenty -four hour peiiod 

Numerical values were assigned to each of these items, describing their 
degree of departure from normal in a gwen case The maximum departure for 
each function from the zero noini was 2 units, and thus the rating of an 
individual patient might range from zero to 40 units 

Three psjxhiatnsts independently rated each of 20 schizophrenic patients 
interviewed by one psychiatrist in the presence of the other two, and each 
physician independently recorded his score Correlation coefficients vv'ere then 
determined to test the scale The scores of Dr M correlated with those of 
Dr F, giving an > value of 0 907 (P<0 01), and Dr Ill’s scores correlated 
witli those of Dr K, giving an i v'alue of 0 868 (P<0 01) It was found that 
instructed nurses can use the scale so as to give meaningful ratings of psychiatric 
status when compared with ratings given independently b> a psychiatrist The 
data indicate that the ciiteria underlying the ratings are sufficientlv communicable 
and reproducible to make tlie scale practically serviceable in quantitating the 
ov'er-all degree of the psychotic state 

DISCUSSIO^ 

Dr Frederick L Wells It is obvious that these presentations open an 
enormous field of discussion It is only from one point of view that it would 
be pertinent for me to speak, that is with regard to Dr Alalamud’s rating 
scale When one has been in this field for a number of years, one becomes 
imbued with the historical point of view I never like to miss saying a word for 
my old teacher, Dr James McKeen Cattell, who really started this sort of 
thing, he had the whole rating scale idea developed in the early 1900’s Then, 
curiously, it dropped out of sight Twenty years later it reappeared Textbooks 
make little reference to Cattell in the matter The multidimensional approach 
has been made explicit under the name of Gestalt Since the days of early Greek 
philosophers, it has been known that the whole is greater than the sum of 
its parts When the scale was put on the screen, I thought that we were 
going to see how these specific traits show up and how people agree with 
respect, for example, to memory or sex responses, what we actually have is 
a presentation based on the summated score of all these traits A group of 
clinical psychologists would want to know the agreement with regard to the 
specific traits of the scale, and they would question whether these various traits 
arrange themselves m a linear scale quite as effectively as they should for a 
rating on specific traits One is faced with the question, “How much does 
this scale add to what would be learned if the psychiatrist asked, ‘How well 
is this patient^’’’ Is not the result the same except that the conclusion is 
arrived at by a summation of traits rather than by a single one? Such rating 
scales have been used at Worcester before I recall some rather elaborate 
procedures of the sort in Dr Hoskins’ research on dementia precox To come 
back to the statistical point of view, it is interesting to compare this scale with 
other attempts of the same kind When Dr James S Plant and I were at 
McLean Hospital, we discussed the possibility of constructing such a scale, and 
he published the method in the Ameucan Journal of Psyclnatiy in 1922 

With regard to global traits, these traits have to be broken down Take 
memory, for example Memory is a function made up of many components 
I wonder how justified one is in lumping a number of traits like these Wechsler 
has brought out a memory scale He has pointed out that I was the first 
person to use the term “memory quotient’’ , I fear it would be better for 
psychologic discipline if I had also been the last 
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Di Malamud's point is well taken — ^that one cannot get a satisfactory picture 
of a patient, and ceitainly not of a normal peison, wnth rating scales, but that 
one has to have rating scales for purposes of comparison Psychologists use 
them too much in evaluation of personality when they have no contact with the 
actual person, they are simply numbers attached to trait names Statistically, 
It seems valid, but as soon as one has to square the rating scale with a fair 
ps 3 ''chiatiic c\aluation of peisonality, there is tiouble A rating of this type 
cannot tell anything like the w'hole truth about the patient Ultimately one 
needs another sort of multidimensional appioach — from vaiious levels One 
can w'cll start , w ith the fundamental concepts of Edwai d J Kempf and work 
through Sheldon’s ideas on “temperament,” though wnth no commitments on the 
somatic side A next step is through the penetrating scheme of personality 
traits developed by Henry A Murray 

I should like to ask one question with lespect to the history of these patients 
Has there been an}' obseivation of their piepsychotic personalities? 

Dr Frederick W\att Di Afalamud, in his interesting repoit, has touched 
on some of the difficulties of his experiment In his attempt to rate behavior, 
his predicament is familiar to the psychologist We psychologists are constantly 
under pressure to achieve standards of quantitative exactness m our wmrk such 
as the natural scientists keep dangling before our eyes We have certainly 
tried hard I w'onder, howevei, whether in ps}chologic and psychiatric work 
w'e are not dealing w ith a material w’hich a /» to t does not lend itself to the 
methods of some of the natural sciences It has yet to be showm that the 
standards and methods specific for them aic necessarily binding for all scientific 
endeavors 

Three problems have always been encounteied w’lth rating scales 1 Which 
traits or modes of behavior should be selected as the important ones 2 How 
can these observations be transformed into quantities? 3 What will the measure 
of quantification be, or w'hat set of data wnll supply the standaids against which 
the individual case is held and rated as high or low'? With regaid to the 
first two questions, I could grasp only a few of the variables shown on the slide 
In one of them, homosexual and masturbatory behavior seemed to be to the 
right of the middle line, w'hile sexual behavior and exhibitionism w'ere to 
the left So far as present knowdedge goes, each of these forms of sexual behavior 
IS quite complex in itself, as is their dynamic basis On the quantitative basis 
proposed, twuce the rating for homosexuality w'ould equal the rating for exhibi- 
tionism I am quite aw'arc that Dr Malamud and his associates had nothing 
of tins kind in mind Yet the reduction to absurdity may show' the difficulties 
inherent in the transmutation of complex behavior patterns into additive quantities 

Now to the third point What standards should the rating follow? The 
problem has two sides One is the consistency of the observei m his ow'n 
rating, the other is the position of the subject w'lth regard to the features of 
the rating scale and involves the question of the uniformity of the population 
In our w'ork, my colleagues and I deal w'lth a great variety of people What 
does “premorbid personality” mean in the sense used here’ Prior to his 
psychotic breakdow'n, a patient may have had marked homosexual tendencies , 
yet they may not have interfered with his general adjustment The consistency 
of the rating observer seems to me to offer the gravest problem How can he 
know whether he should rate the first members of his population high or low 
when only a larger group will indicate representative trends and changes His 
idea of an average value for any of the qualities in the group shifts w'lth the 
number of people whom he is seeing — often unnoticeably so Under these 
conditions, he can never be quite certain whether he is consistent in his rating 
from one member of the population to the next Furthermore, the psychiatrist 
IS likely to rate a patient differently in the light of what he has learned about 
him during several months of observation 

Of the desirability of a rating scale such as the one presented here there 
IS no question A more extensive scale w'as published some time ago in the 
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Journal of Abnoimal and Social Psychology Dr Malamud’s scale has the 
advantage of being more concise I should like to mention the rating of person- 
ality traits and behavior in a recent study at the Harvard Psychological Clinic 
in which I participated First, the traits of each subject were rated by a 
group of observers individually and were unified only after contradictions m 
rating had been discussed and clarified 

Dr Roy G Hoskins The question of other rating scales has been raised 
Our previous experiences at Worcester have been numerous and have entailed 
the many perplexities that the discussers know are there Twelve or fifteen 
years ago, my colleagues and I studied the Kempf scales, as used at the Phipps 
Clinic, the Plant scale, and various others Then we selected about one hundred 
and forty traits and had four psychiatrists apply the rating scale for those 
traits to a group of patients As standards we selected patients who were fairly 
representative and in a stable condition Some of the traits failed to correlate 
with anything significant The number of traits was ultimately reduced to 
about forty, which correlated rather well At that point we realized that we 
must either have more psychiatrists or work only on rating scales, we decided, 
therefore, to go on with other activities and left the matter m abeyance The 
crux of any of these systems is the weighting, as Dr Wells suggested It is 
possible that ten traits properly selected and weighted would be quite as 
adequate as any larger number Dr Wells asked how our simple over-all 
five point rating system worked It proved to be fairly satisfactory Perhaps 
the chief advantage of a composite scale is the confidence that is afforded the 
psychiatrist m his over-all judgment One’s thoughts go to Mephistopheles and 
the student “How comforting it is to have so many things in one’s notebook” 
Actually, the combined judgment of the psychiatrists as to the degree of severity 
of the psychosis at any given time correlated about as well as in an> other 
system we have used Dr Malamud informs me that the traits selected for 
his new scale are actually those which he has long used m making clinical 
appraisals of the psychosis m connection with which it was employed The 
result, no doubt, is a schema that would function adequately in a service man- 
aged by Dr Malamud Some other man in some other service might do better 
with a scale of his own devising 

Dr William Malamud I am grateful to the discussants for their interest 
m this method of approach and their helpful criticisms Dr Wells and Dr 
Wyatt discussed the rating scale along rather similar lines Dr Wells reminded 
us of previous attempts to construct i ating scales , I wish to assure him that 
we were aware of these and have taken them into consideration The only 
reason we speak of the present scale as “new” is that it is specially applicable 
in correlating psychiatric findings with special types of physiologic data 

Dr Wyatt asked whether the rating scale w'as devised as an attempt to 
compensate for a feeling of inferiority in relation to the exact sciences Certainly 
not' It was, I should say, an attempt to adjust ourselves to a group wuth whom 
we were working but who expressed themselves m a manner different from 
ours In our clinical work and in our evaluation of the condition of our patients 
from day to day, we have always made use of some form of quantitative 
measure Otherwise, we could not speak of relative degrees of seriousness of 
the patients’ maladjustments The present scale is simply a translation of this 
method of evaluation into terms which lend themselves to correlation -with 
physiologic data 

The question was asked as to our standards of comparison So far as possible, 
we try to use as a base line the behavior of the patient prior to his disease 
Obviously, we have to rely mostly on the history as obtained from the relatives 
Here, again, we have followed established clinical procedure When a patient’s 
condition is evaluated, we ask ourselves In what way is his present behavior 
different from that which people usually expected of him? The “usually 
expected” is what we take as the average, or C, level, and the dcMations are 
judged in relation to this norm 
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Di Wyatt wishes to know whether the psychiatrist’s ability to use the 
scale does not improve with experience Obviously it does This is true of 
the use of any method of evaluation However, the difference is not quite so 

great as might appear likely Thus comparison of the results of my rating 

and those of Dr Kaufman’s showed little discrepancy, whereas there is consider- 
able difference in the number of years the two of us have worked in this field 
The important factor is that the items rated are m the mam objective and are 
therefore not particularly dependent on personal impression If a person is 
mute or refuses to eat or is untidy about his personal appearance, there really 

IS not much lOom for differences in recording such a fact Similarly, if the 

patient states that he is sad oi angry, it does not matter how experienced 
the person is who records such a statement The scale, however, is particularly 
useful for the day by day rating of a patient by the same physician Under 
such conditions, the differences can indicate only changes m the patient’s condition 
Dr Wells’s question concerning the prepsychotic personality of persons with 
involutional psychosis will perhaps take us too far afield I refer him to the 
work of H D Palmer and to our own previous publication (Malamud, W , Sands, 
S L, and Malamud, I Psychosom Med 3 410, [Oct] 1941) 

Changes in the Electroencephalogram and in the Excretion o£ 17-Keto 
Steroids Accompanying Electroshock Therapy o£ Agitated Depres- 
sion Dr Hudson Hoagland and Dr William Malamud, Worcester, 
Mass , Lieutenant I Charles Kaufman, Medical Corps, Army of the 
United States, and Dr Gregory Pincus, Worcester, Mass 

The psychiatric rating scale discussed in the preceding article was used in 
the study of 13 women with agitated depression Ratings were made not less 
than three times a week — before, during and after periods of eight to fifteen 
electroshock treatments Electroencephalograms were recorded over these same 
periods twice a week Duimg the treatment period (two shocks per week) 
the electroencephalograms were taken on the day following that of shock 
treatment Samples of urine were also collected from time to time during 
the pretreatment, treatment and post-treatment peiiods 

The psychiatric ratings were found to correlate well with fast (greater than 
13 per second) frequencies m the electroencephalograms When the patient 
improved, the percentage of time these waves were present was reduced How- 
ever, there was also a tendency for the fast waves to return in some patients 
showing good remission 

The diurnal rhythm of the morning rate of 17-keto steroid excretion divided 
by the night rate was calculated as a measure of adrenal cortical activity 
While in normal persons this value is 1 60, in the patients studied the mean 
pretreatment value was 1 03 , during treatment the mean value rose to 1 32 and in 
the post-treatment period it declined to 1 25 

The possible significance of these findings was discussed m terms of questions 
they raise for future exploration 

DISCUSSION 

Dr Robert Schwab In a recent paper (Am J Psychtat 102 49 [July] 
1945) Bagchi, Howell and Schmdle described the electroencephalogram before 
and after electric shock They pointed out that it was a long time before the 
electroencephalogram returned to normal after shock treatments The delay 
was related to the number and seventy of the shock treatments I agree that 
it is important to correlate certain changes in a particular part of the brain 
wave spectrum with clinical findings before and after shock therapy, but it is 
equally important to keep an eye on the total brain wave picture I should 
like to ask Dr Hoagland how much time elapsed after the shock before the 
electroencephalographic records were obtained It is well known that after 
electric shock convulsions or, indeed, after ordinary convulsions, the equilibrium 
of the electroencephalogram is disturbed for several daj'^s I feel uneasy in 
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attaching much importance to small changes, particularly the faster frequencies, 
found during that period of cerebral electric instability 

It has long been a temptation to physicians, particularly to psychiatrists, 
to have a rating scale of clinical symptoms and disabilities on a numerical basis 
comparable in simplicity to those used by ophthalmologists in rating visual 
acuity I utilized such a scale m my psychiatric work overseas during the 
past two years, but most of my psychiatric colleagues uere rather contemptuous 
of anything so simple It is important, in my estimation, that efforts of this 
sort be extended and encouraged, as something may ultimatelj be worked out 
that wull satisfy psychiatrists, laboratory workers and general practitioners 

Dr Rudolph Neustadt In 1941 my colleagues and I studied a group of 
11 patients before and after electric shock therapy W’lth respect to changes in 
their blood chemistry There w'ere no changes in the hemoglobin content or 
in the wdiite or the red cell count Changes in cholesterol were inconclusive, as 
some patients show'ed an inciease and others a decrease after treatment In 
some patients the blood sugar increased after each shock treatment but returned 
to normal wuthm a day In all patients the blood creatinine showed a slight 
increase after each shock but returned to normal w'lthin tw'entj-four hours All 
patients show'ed a decrease m the 17-keto steroid excretion of 50 to 70 per cent 
from the pretreatment level, and it required eight to ten w'eeks for the output to 
return to the previous level There also was a striking reduction of creatinine 
m the urine These findings indicate that electric shock treatment puts a great 
stress on the endocrine system, particularly the adrenal cortex It takes a 
long time to recover from the effects of electric shock treatment I cannot see 
how these figures compare with Dr Hoagland’s, howeier, it is possible that 
the balance between day and night excretion of ketosteroids is alreadv lestored 
at a time w'hen the excretion of total ketosteroids is still lowered 

Dr Hudson Hoagland, Worcestei, Mass I mentioned that our results, 
together with other, earlier evidence in the literature, indicated dramatic changes 
in the electroencephalogram follow'ing electroshock treatment in some patients 
These changes usually take some time to subside when the scries of treatments 
IS over They consist of slowing and increased amplitude of frequences of 
less than 12 per second But these effects do not correlate W'lth directional 
changes in the psychiatric state As I said, our records were ahvais taken 
on days between shocks and were always spaced so as to occur either one 
day, for certain patients, or tw'O days, for others, after shock Two shocks were 
given and two electroencephalograms were obtained per patient each week, and 
the changes in the components of more than 13 cjcles per second usuallj 
show'ed pronounced differences in a given patient betw'een tunes w'hen she w'as ill 
and times w'hen she w as w'cll Each patient was thus her ow'ii control Tw ent> - 
five fold variations, from 50 to 2 per cent, in the amount of time the fast fre- 
quencies were present were not unusual, and these w'ere very real changes Because 
the amplitudes in this frequency range are low and the w'aves are irregular, 
the changes were not especially striking on casual inspection of the record In 
instances of psychiatric relapse during the course of shock treatments, our 
figures indicate that these frequencies again come to occupy an increasing per- 
centage of the record, and this fact militates against the view that they are 
products of the treatment per se, since the treatment is continuing routinely The 
point is that our figures show a parallelism of the frequencies greatei than 13 
cycles per second with the psychiatric state 

I should like to ask Dr Pincus to answer Dr Neustadt’s question 

Dr Gregory Pincus, Worcester, Mass Our data are not very decisive 
Before shock treatment there appears to be great variability in the absolute levels 
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of 17-keto steroids excreted In a number of women we found much higher 
levels than one would expect for persons of that age and sex The output varied a 
great deal The only thing that showed consistency was the sleep waking ratio, 
which was 1 or slightly above or slightly below In some patients the absolute 
level fell after shock treatment That is about all I can say on that point, and 
I think that the explanation offeied may not be the only one It does not neces- 
sarily follow that the shock treatment has lowered the output level At certain 
ages one might expect a lower level anyway 

Relation of Changes in Carbohydrate Metabolism and Psychotic States 

Dr Harry Freeman and Dr Ralph N Zabarenko, Worcester, Mass 

A study was made of the relation of the dextrose tolerance and the psychi- 
atric state in 28 acutely psychotic patients who were receiving electric shock 
therapy The patients included 11 men and 17 women Their average age 
was 30 Sixteen of the subjects had schizophrenia, while the disturbances of the 
others had been diagnosed as involutional melancholia, bromide intoxication, 
psychoneurosis and manic-depressive psychosis Dextrose tolerance tests (Exton- 
Rose technic) were made before shock therapy was instituted and at monthly 
periods thereafter for an average of six months 

Before treatment was begun, the dextrose tolerance of almost all the patients 
was grossly abnormal There was a diabetic-like trend, indicative of a reduction 
in the ability to utilize dextrose After treatment was finished, there were pro- 
nounced psychiatric improvement in 9 patients, moderate improvement in 12 
patients, and no change in the other 7 patients The dextrose tolerance obtained 
on the last occasion that the patient was seen was compared with values obtained 
before therapy was instituted The patients were divided into three groups, 
depending on the degree of improvement, and mean values were obtained for 
each group before and after treatment The data showed a tendency to lessening 
of the abnormality in the dextrose tolerance as a result of treatment in the 
group showing pronounced improvement, but the change was not significant 

Analysis of the individual cases showed a fairly good relation between the 
psychiatric observations and the type of dextrose tolerance obtained and indicated 
the reason for the lack of significance of the change in the mean values In 
some patients a good social adjustment was made after treatment, and the 
dextrose tolerance became normal In others the psychotic behavior disappeared 
but residual symptoms of anxiety and guilt feelings remained, and in such 
patients the dextrose tolerance remained abnormal 

It was the feeling .of the authors that the abnormality in the dextrose toler- 
ance depends primarily on the amount of emotional tension present in the 
patient, not on the psychopathic character of the behavior It follows, therefore, 
that the sugar tolerance would become normal only when patients had sufficient 
insight into their problems so that they could deal with them in adequate 
fashion 

DISCUSSION 

Dr Roy G Hoskins Dr Freeman has treated with a light touch a situa- 
tion which my associates and I have faced for several years We have been 
interested in the blood sugar in schizophrenia for a long time Our interest 
was intensified when the war started and we worked with military patients, 
of whom we have had about 200 For about 70 per cent of these patients who 
came into the hospital with mental disturbances an apparently “diabetic” sugar 
curve was obtained, while comparable values were found in only about 30 per 
cent of normal control cases Dr Freeman has made many attempts to find 
out what the aberration means, what it correlates with As he suggested, the 
correlation with anxiety is the most promising explanation, irrespective of the 
diagnosis the patient carries That, however, is an unsatisfactory point at 
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which to leave the matter One cannot explain a physiologic phenomenon by 
attaching a label to it What is there about anxiety that leads to this aberration 
in the sugar curved There are several possibilities One is an interference 
with the normal insulin reaction The level of adrenal cortical secretions might 
also be important The thought that has been engaging my mind most recently 
is this In a normal person the first provocative dose mobilizes the forces 
that handle sugar so that the second dose can promptly be dealt with and the 
sugar curve go no higher It would seem that m schizophrenia the mechanism 
that normally takes care of the sugar is sluggish Later it comes into function 
A study of the reasons for this lag in the adaptation to hyperglycemia seems to 
offer the most promising point of attack 

Dr Harry C Solomon Are these curves for acute psychotic subjects, and 
are the curves similar after several years of hospitalization? 

Dr J Folch It is recognized that the central nervous system does not 
need insulin to handle sugar In this test the central nervous system is acting 
on the system, not vice versa It seems to me that the importance of this test 
would he precisely in its being able to detect schizophrenia which would not 
be diagnosed by standard psychiatric examinations 

Dr Rudolph Neustadt Spelberg and Leff examined some 30,000 inductees 
for glycosuria and found only 19 cases, but in 10 of tliese 19 cases an abnormal 
result in the Exton-Rose test was followed the next day by a normal sugar 
tolerance curve with the standard three hour test This raises the question 
whether the Exton-Rose test, as applied by Dr Freeman, is reliable enough 
for investigative purposes 

Dr Freeman is right in being conservative in his conclusions There was 
a correlation between the sugar tolerance and the mental status in the depressed 
patients, but there was no correlation in his schizophrenic patients Some of 
the latter showed normal sugar tolerance curves before treatment and abnormal 
curves after treatment in spite of clinical improvement These findings seem 
to me to be characteristic of schizophrenia My colleagues and I have studied 
the carbohydrate metabolism (sugar, pyruvic acid and lactic acid in arterial 
and venous blood) for several years We have found changes from normal to 
abnormal and vice versa from one day to the next without any obvious physical 
or mental changes in the condition of tlie patients The only definite finding is 
that schizophrenic patients are entirely unreliable This is in marked contrast 
to patients with manic-depressive psychosis 

Did those patients who had an abnormal sugar tolerance before treatment 
show any clinical symptoms of endocrine abnormalities’ 

Dr Clemens Benda, Wrentham, Mass I am surprised that Dr Freeman 
found only an increased sugar tolerance in his patients I should like, therefore, 
to ask several questions Several years ago Dr Bixby and I published a paper on 
sugar tolerance tests in which we included observations on the Exton-Rose dextrose 
tolerance of patients with mongolism We tried to adjust the doses of sugar 
according to the weight of the patient, I wonder whether Dr Freeman did the 
same or used one standard dose for all patients I wonder, also, whether any 
insulin tolerance tests were made on the same patients Increased sugar tolerance 
IS especially frequent with conditions associated with hypothyroidism Were any 
cholesterol determinations or metabolism tests made on the same patients which 
would suggest hypothyroidism’ Patients with anxiety are usually restless and 
overactive Did Dr Freeman find any instance of decreased sugar tolerance’ 

Dr Robert Schwab In our work with chronic seasickness at the Naval 
Hospital here, three years ago, my colleagues and I found that subjects who were 
made sick on our “swing” had during this period an altered sugar tolerance curve 
so that the blood sugar hardly rose above normal With the use of barium sulfate 
mixed with a dextrose meal, we proved that this was due to gastric stasis, the 
sugar mixture remaining in the stomach, blocked by the spasm of the pylorus 
produced by the motion sickness syndrome. 
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I wonder whether the reverse could occur m Dr Freeman’s patjents Could the 
dextrose leave the stomach more rapidly than it would m normal subjects and 
hence give a diabetic appearance to the curved Did Dr Freeman use barium 
sulfate with his dextrose mixture to ascertain whether this was so^ 

Dr Harry Freeman, Worcester, Mass These dextrose tolerance curves 
were studied on acutely psychotic patients in the mam We have studied various 
types of patients, both psychotic and nonpsychotic, and have found that 70 per cent 
show abnormal trends, irrespective of the diagnostic subtype It is our impression 
that the tolerance becomes increasingly abnormal as the emotional disturbance in 
the patient becomes more severe 

The accuracy of the Exton-Rose procedure in the diagnosis of diabetes is as 
high as that of the standard single dose procedure The consistency of the two 
types of test is equally good, according to our own studies on nondiabetic subjects 
There is little value m adjusting the dose of dextrose to the weight of the 
subject Studies in the literature show that after a minimum dose of dextrose is 
ingested, about 50 Gm , further increases have no effect on the height of the 
curve, although they do tend to prolong the duration of the hyperglycemia 

Insulin tolerance tests were made on about 90 patients On the whole, the 
patients, irrespective of diagnostic subtypes, tended to show some resistance to 
insulin, 45 per cent of them showed a lesser fall in blood sugar than does any 
normal subject However, there was no statistically significant relationship between 
the dextrose and the insulin tolerance of any given subject 

The thyroid gland does not play much of a role m the production of these 
abnormally high curves Of the thyroid disorders, only hyperthyroidism produces 
a low tolerance similar to that found in these patients However, our patients 
tended on the whole to have low basal metabolic rates, which one would expect 
to result in flat tolerance curves 

The problem of the absorption of the dextrose from the gastrointestinal tract 
is an important one It would be expected that such high blood sugar values as 
we have found would result from excessively rapid rates of absorption Studies 
on schizophrenic patients show that the rate of progress of a barium sulfate meal 
through the gastrointestinal tract is either normal or delayed Furthermore, as 
another method of testing rates of absorption, we studied the absorption of xylose, 
a nonutilizable sugar, in patients with normal and with abnormal dextrose tolerance 
There was no difference between the two groups , so it does not seem that varying 
rates of absorption account for the abnormalities in the dextrose tolerance values 


CHICAGO NEUROLOGICAL SOCIETY 
Ben W Lichtenstein, M D , President, in the Chair 
Regular Meeting, Jan 8, 1946 

Neuropsychiatry m the Mediterranean Theater of War Dr Benjamin 
Boshes 

Compound Spinal Injuries Report of Two Cases Dr Milton Tinsley 

Twenty-two cases of compound spinal wounds were analyzed, m 19 of which 
complete paralysis immediately followed injury In all these cases early laminec- 
tomy was done In 2 cases there was remarkable return of function, and these 
cases were reported in detail In this series there was only 1 death and no post- 
operative infection 

Roentgenographic examination was found to be misleading, anatomically the 
degree of damage was far more extensive than the roentgenograms indicated 
Indnven fragments of bone could not be visualized The only possible way to 
do an adequate debridement was by formal laminectomy 
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The presence of foreign bodies or indnven bone in the spinal cord sets up 
a series of pathologic changes, these lesions being similar to those produced by 
the presence of foreign material in the brain It was felt that the removal of 
irritant foreign material prevented the development of cicatnration and further 
damage to the spinal cord In addition, laminectomy allowed for repair of the 
dural defect and the reestablishment of normal circulation in and about the cord 

The following ideas were presented 

1 Laminectomy performed by a competent surgeon did not increase either the 
mortality or the morbidity 

2 The long after-care could be more intelligently undertaken if the lesion 
had been directly obser\ed and recorded 

3 The good results in 2 seemingly hopeless cases offered a ray of hope in a 
depressing situation 

4 The presence of immediate complete paralysis did not indicate a hopeless 
condition 

5 Earlv surgical intervention gave the patient the best possible chance for 
recovery of any remaining viable spinal cord 

DISCUSSION 

Dr Paul C Buc\ Dr Tinsley has presented this tragic picture well There 
is probably no field of neurologic surgery m which the surgeon is rewarded so 
little for his efforts as here, in 2 cases out of 22 there was definite evidence of 
improvement But I should agree entirely with Dr Tinsley that in these cases 
of penetrating wounds of the spine with injury to the spinal cord, and usually 
with foreign bodies present, early operation with debridement and removal of 
foreign material is the proper treatment Any other course of treatment wnll 
usually lead to serious, often fatal, infection However, it should be borne m 
mind that such an operation will do little to benefit the existing injury to the 
spinal cord, although it may well prevent further damage from infection and from 
the reaction to the foreign material In civilian life, penetrating wmunds of the 
spine are unusual, and, accordingly', there are fewer occasions when there is any 
indication for an open operation in case of injury' to the spine and the spinal cord 

Dr Harold Voris I should like to express my admiration of Dr Tinsley’s 
courage in operating in these cases, w'hen it is well known how little one usually 
can expect in the way of neurologic improvement I have taken foreign bodies 
out of the spinal cord in a few cases and can recall only 1 instance in which it 
W'as worth w'hile, in that case the body w'as in the region of the cauda equina, 
where it is known that the outlook for neurologic recovery is more hopeful 
A foreign body in the spinal canal presents a definite indication for removal from 
the standpoint of sepsis, as has been pointed out, but unless there is actual evi- 
dence of foreign material in the spinal canal, surgical intervention is not indicated 
and from the neurologic standpoint the picture is dismal 

In a case recently under my observation in w'hich there was a bullet wound 
of the cauda equina, with the bullet lodged anterior to the spine, remarkable 
improvement occurred without surgical intervention The patient had been in 
another hospital for two weeks and was in Cook County Hospital for three or 
four weeks, he has now graduated to a walker Perhaps some of the patients 
who have improved after operation might have done so without surgical treat- 
ment However, there is definite indication for debridement of a compound 
wound or removal of a foreign body from the spinal cord 

Dr Milton Tinsley I tried to stress that these were compound spinal 
wounds I know that with civilian injuries of the simple fracture type this 
operative procedure does not hold However, even though there is no foreign 
body in the spinal canal, if there is a compound spinal wound with fracture of 
the laminas, I believe that laminectomy is indicated, to remove any indnven par- 
ticles that may not be seen in the roentgenogram 
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Cortical Areas o£ the Albino Rat Dr Wendell J S Krieg 

The identification and arrangement of the cortical areas of the albino lat were 
determined on the basis of material stained for cells and myelin, sectioned in 
various planes, reconstructed into a model and illustrated by comparable strips 
from sections perpendicular to the surface About forty cortical areas weie dis- 
tinguished and numbered in an attempt to conform to Brodmann’s plan 

It was stated that the parietal cortex has been subdivided in a manner that 
may be more easily equated with that of higher forms The auditory cortex (41) 
has been identified, a finding which changes radically the pattern formerly claimed 
for the lateral region of lower mammals In the parietal region, distinct areas 
3, 1 and 2 occupy a piominent place, while the associative areas 7 and 39 and 
the temporal associative area are, as was to be expected, smaller The primary 
receptive areas dominate the cerebrum Motor, premotor and frontal areas are 
distinguished, the last subdivisable into three areas The limbic lobe is highly 
developed and presents numerous structural types 

Study of the myelin pattern in the cortex shows distinctions more striking 
than those in cellular preparations, and these were utilized in delimitation of areas 
In the rat many interareal association fibers are found within the cortex, in its 
lower layers 

The author stated that identification of coitical areas is contingent on the 
results of the experimental analysis of their connections now in progress 

DISCUSSION 

Dr Gerhardt von Bonin I know only the monkey cortex The connection 
between area 17 and the retrosplenial area is apparently common to all mammals 
I found it in the macaque, m the chimpanzee and in man 

I was interested to see that the motor area in the rat contains a definite inner 
granular layer I have committed myself by stating that this layer is present in 
primates too The “postcentral” formations have given rise to doubt in my mind 
I am not sure about the extent of the somesthetic areas Does this whole area 
receive afferent fibers from the ventromedial nucleus of the thalamus^ I am 
impressed with the extent of area 10 I have not had much experience with the 
dog and cat brain, but my impression is that the frontal sector is even smaller 
in these forms than in the rat I wonder whether Dr Krieg has had any experi- 
ence with the brains of these carnivores 

The parietal associative areas show a progressive increase in primates In the 
macaque there is some differentiation between areas 5 and 7, but areas 39 and 40 
are extremely small Even in the chimpanzee areas 39 and 40, although larger, 
look similar to each other 

I have studied the macaque and the chimpanzee brains for area 19, and I do 
not find it It is impossible to find a clear boundaiy between area 18 and area 19, 
despite the fact that some workers have said they could 

Neurologists should be extremely grateful to Dr Krieg for filling the gap in 
the knowledge of lower mammals and making it unnecessary to rely on the indirect 
evidence from the mouse, which I have learned to distrust 

Dr Percival Bailey I was much intersted to hear Dr Krieg say he placed 
so much reliance on myelin studies I have had the opposite experience They 
aie so unreliable that I have discontinued them The slightest variation in length 
of differentiation alters the picture of the fibers Also, one might quarrel with 
the Brodmann scheme of numeration He did not publish any description of these 
areas in the human brain and very little in the animal brain In the monkey 
brain, on which he made his chief study, he said himself that a great deal of his 
work was unreliable and that much of his scheme was gratuitous So my colleagues 
and I have given up his scheme in favor of that of von Economo and Koskinas, 
for they have described in great detail ivhat the}"^ mean by their subdivisions of 
the human cortex Since our ultimate purpose is to understand the human cerebral 
coitex, we propose to follow the system of von Economo 
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Finally, I should like to express my idea of area 2 After reading the descrip- 
tions of Brodmann and all the others, I still do not know what is meant by 
area 2 I cannot get any mental picture of it I cannot find any zone of constant 
structure between area 1 and area 5 I do not believe there is anj' extra area 
there There may be in the human brain, although I cannot get any clear picture 
of It, but certainly not in the macaque For some of these areas, therefoie, I 
think that such subdivisions as Dr Krieg has made must be accepted with reserva- 
tions, since Brodmann did not say clearly what he meant bj them In spite of the 
enormous amount of work done on this mattei, the subject is still in its infancy 
There is plenty of opportunity to make a plan, the important thing is for all to 
record accurately and definitely what they mean by the different areas they dis- 
tinguish, so that any one scheme can be checked with others This was not done 
by Brodmann, and for that reason I think it inadvisable to continue to use his 
scheme as though it were a bible 

Or Wendell J S Krieg With respect to area 2 \ersus area S, I should 
be quite willing to accept area S in the sense in which it has been defined It is 
a parietal area, but it receives the mam projection from the ventrolateral region 
of the thalamus I w'ant to make it clear that this survey is a prcliminarj one 
for my own use, and not primarily for some one in generations to come The 
lesions, of which I have about 100, are to be analyzed from the standpoint of 
these areas I am quite sure it will be necessary to modifj and change my present 
concept — the lesions are analyzed but not synthesized 

Area 10 is not so large as it appears in the picture , it is small in its medullary 
aspect I am not so certain about the partition of the frontal area as I am about 
other regions 

Dr Bailey’s statement about myelin stains is true, one working on monkey 
brains would take .that attitude But with the rat brain it is different There are 
a tremendous number of fibers within the cortex, and if the myelin picture were 
left out of consideration, one would lose an important source of understanding 
My reason for sticking to Brodmann’s sjstem is a concession to a large number 
of people — clinical workers and students who refer to cortical areas by his 
numbers If this system can be kept so far as possible, it will save much con- 
fusion My ultimate purpose is the same as that of the Illinois group, to under- 
stand the human brain — the over-all picture — and then graduallj to add to the 
anatomic picture 



Book Reviews 


Group Psychotherapy. Theory and Practice By J W Klapman, MD 
Pp 344, New York Grune & Stratton, Inc , 1946 ' 

In a field still so fluid and experimental, new books and publications are 
inevitable This book has, however, the merit of attempting to lay a theoretic 
basis for the practice of group psychotherapy, now so popular as a result of military 
experience This basis the author finds in the cultural and social heredity of man 
He accepts the Cooley-Mead-Dewey-Faris theory of personality, as expressed in 
Kingsley Davis’ dictum that “human nature is determined by the child’s com- 
municosocial contacts as much as by his organic equipment” Mental disorder 
from this standpoint may be described m terms of a breakdown in the regulators 
of social existence “To integrate them again with the body of the psyche 
would seem most feasible m the kind of medium where they had their birth ” 
This leads naturally into a discussion of the problems of group transferences and 
interactions m relation to the dynamics of therapy 

The author reviews briefly the history of group therapy, from the ancient 
world of King Saul and Socrates to the modern period of the “scientific and 
conscious use of the medium of group influence ” It is of interest to note that the 
first modern use of the method was with tuberculous patients by Pratt m 1905 
The group method of treatment has since been expanded until now it is in use in 
a wide variety of diseases, both somatic and psychiatric With psychiatric dis- 
orders group therapy has had an equally wide range of expression, from Schilder’s 
intensive work using psychoanalytic concepts through to the repressive-inspirational 
technics of Alcoholics Anonymous, Inc 

The actual practice of group therapy is discussed with reference to the out- 
patient clinic, children’s guidance clinics (and the mothers of “problem children”), 
private practice and the large hospital for patients with mental disease The 
obvious factors of saving of time and labor, in addition to the problems of size 
of the group and selection of cases, and the interrelation of individual and group 
therapy are fully discussed The author, who is a member of the faculty of 
Northwestern University Medical School, gives his own methods in a mental 
disease hospital setting under the general title of “orientative re-educational psycho- 
therapy” According to him, the relation of the intellect to the affect is “a close 
and reciprocal one,” and intellectualization m his groups is therefore not merely 
superficial It is dynamic in itself 

The book is somewhat uneven m style, and some of the material, at least, gives 
evidence of having actually been used m patient groups for “orientative re-educa- 
tion ” A more serious fault is the complete omission of cases having an organic 
background m his discussion of the role of group therapy m psychiatric cases 
The book is of value, however, in its many practical suggestions for the actual 
practice of the method As an introduction to the subject of group psychotherapy 
it may be commended 

Progress in Neurology and Psychiatry An Annual Review Edited by 
E A Spiegel, M D Price, $8 Pp 708 New York Grune & Stratton, Inc , 
1946 

With this volume, the editor inaugurates a yearly review of advances in 
neurology and psychiatry The usefulness and success of the annual reviews in 
biochemistry and physiology allow one to predict that a counterpart in neurology 
and psychiatry will gain rapid acceptance 

With the added impetus of wartime research, the assembling of an exhaustive 
review can be no simple problem It is gratifying to report that the task is well 
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done A vast amount of useful information is contained in this volume, and, in 
general, controversial issues are presented with objectivity The sections on 
psychiatry are splendidly prepared and should prove of great value to the clinician 

If this reviewer might express a wish it would be that editors always conceive 
it a duty to be frankly critical The clinician must be given the chance to judge 
the basic facts of a new concept of therapy A case in point is the recent interest 
in the use of neostigmine as a neuromuscular depressant in cases of poliomyelitis, 
cerebral palsy, rheumatoid arthritis and conditions of the lower part of the back 
The physiologic rationale for this widely popularized form of treatment deserves 
a great deal of discussion by competent authorities Yet a puzzled clinician might 
search in vain for a critical survey of the fundamental issue by a respected, 
objective editor 

Carping over minor errors in proof is admittedly unbecoming, but attention 
must be called to a rather serious error in the statement, “quinidine h} drochloride 
has a considerable beneficial effect [m myasthenia gravis] ” Also, in the section 
on surgery of the spinal cord, Scott discusses a case of reverse spondylolistliesis 
He describes a patient with complete bilateral spastic paraplegia This surprising 
statement then follows “Laminectomy was considered but not done because the 
cliild was able to walk following straightening of the knees and elongation of the 
Achilles tendon ” 

Since this v'olume fills a major need and maintains laudable editorial standards. 
It IS recommended to the student of the fields 
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Aqueduct of Sylvius See under Brain 
Arieti S Histopathologic changes in cerebral 
malaria and their relation to psychotic 
sequels, *79 

Armed Forces Personnel See Aviation and 
Aviators, Military Medicine etc 
Arsenic and Arsenic Compounds delirium , 
quantitative electroencephalographic study 
of case of acute arsenical encephalopathy, 
*659 

inhibition of brain respiration by plcro- 
toxin 698 

permeability of hemocncephalic barrier In 
massive arsenotherapy, 455 
Therapy See Syphilis 

Arteries See also Aneurysm Arteriosclerosis 
Blood pressure , Periarteritis , Thrombosis , 
Vasomotor System etc 
Cerebral See Brain, blood supply 


743 



744 


INDEX TO VOLUME 56 


Arteries — Continued 
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cutaneous hydration *544 
Blindness See also Vision 
ambljopla resulting from Iiemorriiago, 708 
Blood, bromine content in mental diseases , 
manic-depressive psjehosis, *673 
Circulation See also Arteries, Capillaries 
Heart Vasomotor Sjstcm , etc 
circulation in denervated digits, 108 
fats and lipoids effect of ingested choline 
on turnover of plasma phospholipids 106 
in Cerebrospinal Fluid Seo Cerebrospinal 
Fluid 

permeability of blood-spinal fluid barrier 
in infants and in normal and sjphllltic 
adults, *55 

pressure, high, fatal poisoning from potas- 
sium thioejanate used in treatment of 
hypertension, 700 

Sugar See also Carbohjdrates , Insulin 
etc 

sugar, resistance to Insulin in mentally 
disturbed soldiers, *74 
I cssels Sec Arteries, Capillaries, Peri- 
arteritis, I asomotor Si stem, etc 
Blood-Brain Barrier See Ilcmoencepliallc 
Barrier 

Bod> Mind and Bodi Sec under Mind 
Bones Sec also under names of bones 
Diseases Seo Osteomyelitis, etc 
effects of adrenocorticotropic hormone on 
osseous Si stem in normal rats 335 
growth , antagonism of pituitary adreno- 
corticotropic hormone to action of growth 
liormone on osseous sistem of hipophi- 
sccfomlzed rats 335 

growth cleidocranial disostosls with psy- 
cliosls *101 

Bonsdorff Plienomenon neurologic mechanism 
for certain plienomena in tetani, *507 

Book Reviews 

Blologi of Schizoiflirenla , P G Hoskins, 
487 

Diagnosis of Nervous Diseases, J Purves- 
Stewart 486 

Examining for Aphasia Manual for Ex- 
amination of Aphasia and Related Dis- 
turbances, J liscnson, 214 
Experimental Hipertenslon , W Goldring 
and Olliers 607 

Gllomes lnflllr^s du tronc cerebral , G Guil- 
laln I Bertrand and J Gruner 363 
Group Psichotherapy Theory and Practice, 
J W Klapman, 741 

Intelllgcnco and Its Deviations, M Sherman 
243 

Introduction to Physical Anthropologj , M 
P A Montagu 213 

Kllnische und erbblologischc Untersuchun- 
gen uber die Heredoataxlen , T Sjogren, 
130 

Xlanual of Diagnosis and 'Management of 
Pcriplioral Nerv e Injuries , R A Groff 
and S J Houtz 304 

Mental Changes After Excision of Cerebral 
Tissue Clinical Study of 10 Cases of 
Resections in tlic Parietal Temiwral and 
Occipital Lobes, G Rylander 132 
Motor Disorders in Nervous Diseases, E 
Herz and T J Putnam 607 
Our Inner Conflicts, K Homey 480 
Pilnciples of Dyaiamic Psychiatry J H 
Masseiman, 488 

Progress in Neurology and Psychiatry 
Annual Review, E A Spiegel, 741 
Psychiatric Novels of Oliver Wendell 
Holmes C P Oberndorf 131 
Shock Treatments and Other Somatic Pro- 
cedures in Psychiatry , L B Kalinovvskl 
and P H Hock 487 

W hat People Are , C W Heath and others 
130 

Bool hammer R & Diawings of 7 year old 
child 115 

Borkowskl W J Effects of denervation on 
fasciculatlons in human muscle, i elation 
of fibrillations to fasciculatlons, *276, 598 
Boutons See Nerves, roots 
Bowden K E M Observations in case of 
muscular dystrophy, with reference to 
diagnostic significance, *1 
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Bojd, M r Use of qiniititatlve parasite 
inoculation doses in Plasmodium viva-? 
malaria therapy, *05 
Brachium Pontis See Cerebellum 
Brain See also Cerebellum , Corpus Callosum , 
Corpus Striatum, Hypothalamus, Len- 
ticular Nucleus, Meninges, Neivous Sys- 
tem , Pons Varolii , Thalamus , etc 
abscess associated with congenital heait 
disease, 707 

abscess , vital staining of e-?perlmental brain 
abscesses, 59G 

after intermittent exposure to simulated 
high altitude, 346 

angiomatous malformation of sylvian aque- 
duct with remarks on management of 
aqueductal obstructions, 238 
Blood Supply See also Aneurysm , Arteries , 
Arteriosclerosis , Hemoencephalic Barrlei , 
Thrombosis , etc i 

blood s,upply, intracranial angiography, 711 
blood supply , vascular changes in experi- 
mental anaphylaxis of brain. 111 
cerebral dysrhjthmia and psychopathic per- 
sonalities, study of 90 consecutive cases 
in military hospital, *677 
cerebral thromboangiitis obliterans, 343 
changes in electroencephalogram and in 
excretion of 17-keto steroids accompany- 
ing electroshock therapy of agitated 
depression, 733 

circulation of spinal fluid in Carasslus 
glbello, *522 

clinical and electroencephalographic studies 
In obsessive-compulsive states, 113 
clinical Implications of Bellevue-Wechsler 
test with reference to cases of injury to 
brain, 714 

convulsive factor In commercial penicillin 
(following application to cerebral coitex), 

698 

cortical areas of albino rat, 739 
delirium , quantitative electroencephalograph- 
ic study of case of acute arsenical en- 
cephalopathy, *659 

Diseases See also Encephalitis , Insanity , 
Mental Diseases, etc 
diseases, cortical deafness, 468 
dominant wave frequencies as measures of 
physicochemical process in cerebral cor- 
tex, *207 

effect of anoxia as measured with electro- 
encephalogram and interaction chrono- 
gram in psychoneuiotic patients, 724 
effect of reduction In numbers of ommatidia 
on brain of Drosophila melanogaster, 105 
electroencephalogram in traumatic epilepsy 
582 

electroencephalogram of different cortical 
regions of normal and anesthetized cats, 

699 

electroencephalographic findings during and 
after acute encephalitis and meningoen- 
cephalitis, 465 

electroencephalographic localization of intra- 
cranial neoplasms, 582 
electroencephalographic studies during fever 
induced by tjphoid vaccine and malaria in 
patients with neurosyphilis, 223 
electroencephalography, clip-on electrode for 
use In, *691 

electroencephalography , flexible electrode- 
carrying headgear for electroencephalo- 
graphic examination, *686 
electroencephalography in behavior problem 
children, 224 

electroencephalography in cases of sub- 
cortical tumor 581 

electroencephalographv , nature of transient 
outbursts in electroencephalogram of 
epileptics, 229 

electroencephalography , relationship of anti- 
social traits to electroencephalogram In 
children with behavior disorders, 589 
electroencephalography , scope and limita- 
tions of visual and automatic analysis of 
electroencephalogram, 583 
gross intracerebral hematomas , report of 
16 surgically treated cases, 340 
Hemorrhage See Encephalitis, hemorrhagic 
histologic study of brain in experimentallj 
Induced acidosis, *428 
histopatliologic changes In cerebral malaria 
and their relation to psychotic sequels 
*79 


Brain — Continued 

histopathologic study of early case of 
schizophrenia in which electric shock ther- 
apy had previously been employed, 354 
histopathology of polioencephalitis hemor- 
rhagica superior (Wernicke’s disease) , 
*609 

Inflammation See Encephalitis 
Injuries See Head, injuries 
inhibition of brain lesplration by plcro- 
toxin, 698 

Localization of Function See Brain, dis- 
eases, Brain, pathology. Brain, tumors 
one component of extrapyramidal system 
348 

pathology, periarteritis nodosa with decere- 
brate rigidity and extensive encephalo- 
malacia in 5 year old child, 112 
pattern of metabolic depression induced 
with pentothal sodium, *171 
phenomena of sensory suppression, 481 
Physiology See Brain, electroencephal- 
ography 

post-traumatic epilepsy, 227 
power factor (P) In general intelligence , 
effects of lesions of brain, 234 
Pressure in See Cranium, pressure in 
primary behavior disorders and psycho- 
pathic personality, *381 
projection of retina on superior colliculus 
of cats. 699 

reversibility of dilatation of cerebral ven- 
tricles, 597 

Sclerosis See Sclerosis 
Softening See Brain, pathology 
studies on physiology of flight, effect of 
anoxia on electroencephalogram of psy- 
choneurotic and normal adults, 725 
surgery, American Board of Neurological 
Surgery, 696 

surgery , fibrin foam as hemostatic agent in 
neurosurgery, with reference to its com- 
parison with muscle, 340 
Syphilis See Neurosyphilis 
tumors , difference in mental reaction 
between children suffering from cerebral 
and cerebellar tumors, 589 
tumors, future in light of past, presidential 
address 476 

tumors of third ventricle, 710 
tumors, Sturge-Weber-Dimitri disease (ne- 
void amentia), 467 

waves and clinical features in arterioscler- 
otic and senile mental patients, 589 
waves and heredity In mental diseases 589 
Brazier, M A B Effect of anoxia as 
measured with electroencephalogram and 
interaction chronogram in psychoneurotic 


patients, 724 

Electromyography in differential diagnosis 
of ruptured cervical disk, *651 
Studies on physiology of flight, effect of 
anoxia on electroencephalogram of psy- 
choneurotic and normal adults, 725 
Brill, A A Phyletic manifestations and 
reversions, 479 

Broder S B Acute myelitis, cllnicopatho- 
logic study of case, 347 
Bromine in Blood See under Blood 
Bronson, L H Neurologic disease following 
Infections of throat and skin and Inci- 
dence of diphtheritic infections, *508 
Bucy, P C Diastematorayelia , report of 

case 237 , , . ,a 

Burgemeister, B B Effect of glutamic acid 
on mental functioning in children and 
adolescents *489 

Butler S Intravenous administration of 
hiKtnmine in treatment of migraine, 3oC 


Camptocormia, 327 

Cancer See also Sarcoma, etc , and under 
names of organs and regions 
mctastases syndrome of posterior inferior 
cerebellar artery resulting from metastatic 
neoplasm 465 

Capillaries See also Vasomotor System 

in finger nail fold in patients wiUi neu- 
rosis epilepsy and migraine, *631 
of nail fold in patients with neurocircula- 
tory asthenia (effort sjoidrome, anxletj 
neurosis) *043 

Carassius Gibclio See Elsh 
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Carbohjdntes See ilso Blood sugar , etc 
metabolism oneirophrenia, clinlcophjslologic 
sjndrome 483 

relation of clianges in carbohydrate metab- 
olism and psychotic states, 735 
Carbonic Anhjdrase See Enzymes 
Cardlazol See Alctrazol 
Cardiol ascular System See Arteries , Heart 
Vasomotor System , etc 

Case T J Effects of antibiotic substances 
on central nenous sjstem *184 
Cataphrenia See under Mental Diseases 
Catatonia See Dementia Precox 
Cauda Eauina See Spinal Cord 
Caudate Nucleus See Corpus Striatum 
Causalgla See Neuralgia 
Cavernous Sinus Thrombosis See Thrombosis 
Cells See Neurons , Tissue , etc 
Staining See Stains and Staining 
Cephalalgia See Headache 
Cerebellum, atrophy , olivopontocerebellar 
atropbj, 702 

cerebellar djsIJnetlc and alternating sen- 
sory syndromes caused by aneurysm in 
region of pons, 403 

tumors , difference In mental reaction 
between children suffering from cerebral 
and cerebellar tumors, 589 
Cerebrospinal Fever See Meningitis 
Cerebrospinal Fluid, circulation In Carassliis 
gibelio *522 

effect of electric shock thcrapv on spinal 
fluid pressure, protein and cells 587 
lymphocytosis in, 704 

meningitis due to post-traumatic cerebro- 
spinal rhinorrhea 220 
permeability of blood-spinal fluid barrier In 
Infants and in normal syphilitic adults, 
*55 

permeability of hemoenceplialic barrier in 
massive arsenothcrapy 455 
relationship of intracranial pressure and 
presence of blood in cerebrospinal fluid 
to occurrence of headaches in patients 
with injuries to head 708 
Cerebrum See Brain 
Cevitamic Acid See Ascorbic Acid 
Chappie E D Effect of anovla as measured 
with electroencephalogram and Interaction 
chronogram In psychoneurotic patients, 
724 

Charcots Disease See Sclerosis amyotrophic 
lateral 

Chemotherapy See Aleningltis, Neurosyphllis 
etc 

Child Guidance See Mental Hygiene 
Children See also Infants etc 
Delinquent See Delinquency 
difference In mental reaction between chil- 
dren suffering from cerebral and cere- 
bellar tumors, 589 
drawings of 7 year old child 115 
effect of glutamic acid on mental function- 
ing in children and adolescents *489 
electroencephalography in behavior problem 
children 224 

relationship of antisocial traits to electro- 
encephalogram In children with behavior 
disorders 589 

unusual familial syndrome 712 
Chlorine , effects of iodized poppyseed oil and 
lodine-chlorlne in peanut oil in subarach- 
noid space of animals. 111 
Choanae See Nose 

Choline and Choline Derivatives effect of 
ingested choline on turnover of plasma 
phospholipids 106 
Chordotomy See Spinal Cord 
Chorea choreiform movements in dog suffer- 
ing from corticostriatal disease 699 
Choroid Plexus See also Cerebrospinal Fluid 
epithelioma of choroid plexus of fourth 
ventricle 467 

Cingulum See Corpus Callosum 
Cirrhosis See Liver cirrhosis 
Clavacin See Patulin 

Clinics contracts between Veterans Adminis- 
tration and private mental hygiene clinics 
*>22 

fellowships for training in child guidance 
clinic psychiatry 126 

Cobb S Capillaries of nail fold in patients 
with neurocirculatory asthenia (effort syn- 
drome anxiety neurosis) *643 
Cochlea See Ear internal 


Cohen AI E Capillaries of nail fold In 
patients vvltli neurocirculatory asthenia 
(effort svndromo, inxlety neurosis), *613 
Cold icfrigcratlon anesthesia for amputations 
451 

Colleges See Universities 
Colliculus Superior See Brain 
Coma Sec Dementia I’rccox , Insulin 
Communicable Diseases See Alcnlngltls , Syphi- 
lis , etc 

Compulsion See Dementia Prccox, Neuroses 
and Psychoncuroscs 
Conditioned Iteflexcs See under Beflex 
Congress Sec Societies 
Constitution neurotic >30 
Contractures following experimentally pro- 
duced lesions of peripheral nerves, 311 
Contusions See Head Injuries 
Convulsions Sec also Ipllepsy 
convulsive factor in comnicrclal penicillin 
(following application to cerebral cortex) 
(lOS 

effects of / (-r) glutamic acid and other 
agents on experimental sel/ures, *20 
Tliernpeutlc See Dementia Paralytica, De- 
mentia I’recox Insanity Afcntal Diseases 
warning concerning use of curare In con- 
vulsive shock treatment of patients with 
psychiatric disorders who max have my- 
astlienia gravis, 173 

Coon G P Clinical Implications of Bcllcvuc- 
Mcchsler test with reference to cases of 
Injury to brain 711 

Cornea ulcers , modem view of neuralgia 
referable to Meckel’s ganglion 333 
Corpus Callosum , connections of cingulum 
238 

primary degeneration (Marchlafava-BIgnaml’s 
disease) 700 

Corpus Striatum Sec also Lenticular Nucleus 
cliorelform movements in dog suffering from 
corticostriatal disease C99 
Correction in transcript of article by Dr 
Kobert Martenberg entitled ''Associated 
Alovcments in the Oculomotor and Facial 
Muscles” (Arch Neurol iS. Psychlat 55 
439 [Alay] 1940) 120 

Cramer 1 J Clement Buchanan Alasson, 
091 

Surgical treatment of syringobulbia and 
syrlngopontla , report of 2 cases *412 
Cranioplasty Sec Cranium 
Cranium Sec also Head , etc 
diseases osteoporosis circumscripta cranli 
711 

experimental observations on use of stain- 
less steel for cranioplasty , comparison 
with tantalum, 591 
Injuries Sec Head injuries 
Intracranial suppuration secondary to dis- 
ease of nasal septum 228 
osteogenic sarcoma of skull, 712 
osteomyelitis of sloill, its treatment with 
penicillin and repair of defect with tan- 
talum 340 

pressure in , relationship of Intracranial 
pressure and presence of blood in spinal 
fluid to occurrence of headaches in pa- 
tients with injuries to head 70S 
tumors electroencephalographic localization 
of Intracranial neoplasms 582 
Creatine and Creatinine See under Urine 
Crime and Criminals See Delinquency , Juris- 
prudence Medical etc 
Crouzon's Disease See Bones growtii 
Curare, warning concerning use in convulsive 
shock treatment of patients with psychi- 
atric disorders who may have myasthenia 
gravis 473 

Cushings Syndrome 336 
without adenomatous or hyperplastic changes 
in pituitary body or adrenal cortices and 
complicated by alkalosis, report of case 
with necropsy 335 

Cysts See under names of organs and regions, 
as Meninges , etc 

DaCosta’s Syndrome See Asthenia, neuro- 
circulatory 

Deafness See also Ear Hearing, etc 
cortical 468 

Decerebration See Rigidity 
Defectives See Feeblemindedness 
Degeneration Hepatolenticular See under 
Lenticular Nucleus 

Delinquency runaway from home, 113 



INDEX TO VOLUME 56 


7A7 


Delirium See also Insanity 
quantitative olectroencephalographic study 
of case of acute arsenical encephalopathy 
♦G59 

Delusions See under Dementia Preco"?, etc 
Dementia See also Dementia Paralytica, De- 
mentia Preco\, Insanity, etc 
brain waves and clinical features in arterio- 
sclerotic and senile mental patients, 589 
Dementia Paralytica See also Neurosyphilis 
juvenile, relation of trauma to , clinico- 
pathologic and medicolegal study, 4GG 
Dementia Precov, chronic psychoses and ad- 
diction to morphine, ♦GGG 
cleidocranial dysostosis with psychosis, *401 
evaluation of prognostic criteria In schizo- 
phrenia, 225 

histopathologic study of early case of 
schizophrenia in which electric shock 
therapy had previously been employed, 
354 

insulin, cardlazol (metrazol) and electro- 
shock treatment in Palestine during last 
5 years, 588 

Insulin shock treatment after 7 years, 587 
new psychiatric rating scale, 729 
outcome under electric shock therapy as 
related to mode of onset and to number 
of convulsions Induced, 459 
Demobilization See Military Medicine 
Depersonalization See Personality 
Depression See also Insanity , Mental Dis- 
eases, Neuroses and Psychoneuioses 
changes in electroencephalogram and in 
evcretion of 17-keto steroids accompany- 
' ing electroshock therapy of agitated de- 
pression, 733 

pattern of metabolic depression induced with 
pentothal sodium, *171 
Desoxycorticosterone See Adrenal Prepara- 
tions 

Devtrose See also Blood, sugar. Carbohy- 
drates , etc 

relation of changes m carbohydrate 
metabolism and psychotic states, 735 
Diabetes Mellitus See also Blood, sugar 
head trauma causing reactivation of thyro- 
toxicosis, appearance of diabetes mellitus 
amenorrhea and melanoderma, 587 
review of 100 cases of diabetic neuropathy 
334 

Diastematomjelia See Spinal Cord, abnor- 
malities 

Diencephalon See Brain 

Dimitri-Sturge-Weber Syndrome See Angioma 
Diphosphopyndlne Nucleotide See Enzymes 
Diphtheria , neurologic disease following infec- 
tions of throat and skin and incidence of 
diphtheritic infections, *558 
Diplegia See Paralysis 
Dipsomania See Alcoholism 
Disease See also Constitution, etc 
Physical, psychiatric overlay in, 475 
psychiatric adventure in comparative patho- 
physiology of infant and adult, 457 
Disk Intervertebral See under Spine 
Drawings of 7 year old child, 115 
Drugs Addiction See under names of drugs 
Dunn A L Flexible electrode-carrying head- 
gear for electroencephalographic examina- 
tion *686 

Dyes See Stains and Staining, etc 
Dysacousia See Deafness 
Dyskinesia See Movements 
Dysostosis See Bones, growth 
Dyspituitarism See Pituitary Body 
Dystrophy, muscular, observations in case 
with reference to diagnostic significance, 
*1 

Ear See also Deafness 
Internal See also Nerves, Nystagmus, Ter- 
tigo, aural , etc 

internal , vertical nystagmus produced by 
peripheral labyrinthine lesions, 329 
Eaton L M Warning concerning use of 
curare in convulsive shock treatment of 
patients with psychiatric disorders who 
may have myasthenia gravis, 473 
Lccker, W P Thematic apperception test, 
its value in routine psychiatric practice, 
600 

Edema See under names of organs and 
regions 


Education , refresher course in psychiatry. 
University of California, 125 
school of applied psychoanalysis , extension 
courses of New York Psychoanalytic In- 
stitute, 696 

utilization of therapy group in teaching 
psychotherapy, 117 

Effort Syndrome See Asthenia, neurocircu- 
latory 

Electricity See also Electrophysiology, 
Electrotherapy , etc 

electrical paresthesias in extremities follow- 
ing injury to central nervous system, *417 
electrical resistance of skin, effect of size 
of electrodes, exercise and cutaneous hy- 
dration, *544 

sensation of electric shock following head 
injury, *30 

Electrocardiogram See under Heart 
Electrocoagulation See Gasserian Ganglion 
Electrodes clip-on, for use in electroencephal- 
ography, *691 

electrical resistance of skin, effect of size 
of electrodes, exercise and cutaneous hy- 
dration *544 

flexible electrode-carrying headgear for elec- 
tioencephalographlc examination, *686 
Electrodiagnosis See Muscles 
Electroencephalogram See Brain, electroen- 
cephalography 

Electromyogram See under Muscles 
Electronarcosis See Anesthesia 
Electrons, electronic devices for use In mod- 
ern neuropsychiatry, 484 
Electiophysiology , electronic devices for use 
in modern neuropsychiatry, 484 
Electrotherapy See also Dementia Paralytica , 
Dementia Precox , Epilepsy , Hysteria , 
Mental Diseases, etc 
accidents in shock therapy 462 
effect of electric shock therapy on spinal 
fluid pressure, protein and cells, 587 
effect of electrical stimulation on circulation 
and recovery of denervated muscle, 110 
effect of galvanic exercise on denervated 
and leinnervated muscles in rabbit, 223 
effects of I { + ) glutamic acid and other 
agents on experimental seizures, *20 
electric shocic therapy of elderly patients, 
*158 

electronarcosis , clinical comparison with 
electroshock 460 

evaluation of results of electric shock tieat- 
ment of psychoneuroses 348 
is lestoration of inhibited conditioned r Dae- 
mons by insulin coma specific for j'ai Jo- 
vian inhibitions 7 contribution to theory of 
shock treatment, *216 
neurologic and neurovegetative phenomena 
occurring during and after electroshock, 
458 

outcome In dementia precox under tiei trie 
shock therapy as related to mode ot < nset 
and to number of coniulsions induced. 


459 

reevaluation of contraindications to electiic 
shock therapy 351 

therapeutic efficacy of electroconvulsiv e tner- 
apy, 458 

Embolism See Thrombosis 
Emotions See Anxiety, etc 
Encephalitis See also Meningoencephalitis 
choreiform movements in dog suffering fiom 
corticostriatal disease, 699 
electroencephalographic findings during and 
after acute encephalitis and meningoen- 
cephalitis, 4G5 

hemorrhagic, liistopathology of polioenceph- 
alitis hemorrhagica superior (Wernicke's 
disease), *609 

periaxialis diffusa, leukoencephalitis associ- 
ated with purulent leptomeningitis (mcn- 
ingoleukoencephalltis), 586 
tick-borne 705 

Encephalomalacia See Brain pathology 
Encephalomyelitis See Mcningoencephalomye- 


Iltis 

ncephalopathy See under Brain 
ndocrine Glands See under names of glands 
ndocrine Therapy See under names of 
glands and hormones as Adrenal Prepa- 
rations Insulin, Thvrold 
ngcl G L Delirium, quantitative flectro- 
encephalographlc studv of case of *.01110 
arsenical encephalopathy *659 
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Enzjmes See also under names of (nzjmis 
distribution of dlpliosphopjrldlno nucleotldo 
in bovine retina, 223 

parallelism between quantitative Incidence 
of carbonic anhjdrasc and function levels 
of central nervous sjstem 098 
quantitative incidence of carbonic anhydrase 
In central nervous sjstem, 100 
Epidermis See Skin 
Epilepsy See also Convulsions 

capillaries in finger nail told in patients 
with neurosis, epilepsy and migraine *031 
modern concepts of convulslto state, 115 
nature of transient outbursts in electro- 
encephalogram of epileptics, 229 
post-traiima'tlc 227 

Sturge Weber-Plmitrl disease (nevoid amen- 
tia), 407 

traumatic, electroencephalogram in, 582 
Epithelioma of choroid plevus of fourth ven- 
tricle 407 

Equilibrium See Cerebellum, Njstngmus 
Posture, etc 

Etsten B Pattern of metabolic depression 
Induced with pentothal sodium, *171 
Evolution, phjletlc manifestations and rever- 
sions. 479 

Evorcise , electrical resistance of skin , effect 
of size of electrodes, exercise and cutane- 
ous hydration *544 

Extrapyramldal Tract See also Corpus Stri- 
atum , Lenticular Nucleus 
one component of cxtrapyramldal system 
348 

pathology of liver In cxtrapyramldal dis- 
ease 585 

Extremities Amputations Sec Amputations 
circulation in skin of proximal parts of 
limbs 110 

electrical paresthesias In extremities follow- 
ing Injury to central nervous system 
•417 

Paralysis See also Paralysis Poliomyelitis 
paralysis , acute myelitis , cllnlcopathologlc 
study of case, 347 
Extroversion See under Personality 
Eyes See Vision, and under special struc- 
tures of eyes i e Kotina, etc 


Face, Paralysis See Paralvsis facial 
Painting See Syncope 
Fatigue in relation to adrenal cortex, 717 
Fay, T Modern concepts of convulsive stale 
115 


leces, distribution of poliomyelitis virus 454 
Feeblemindedness See also Idiocy 
unusual familial syndrome 712 
Feldman, F Electric shock therapy of elderly 
patients, *158 

Intravenous Injection of sodium amytal as 
test for latent anxiety *507 
Fellowships for training In child guidance 
clinic psychiatry 126 
Ferments See Enzymes 
Fever See Malaria , Typhoid , etc 
Therapeutic See Dementia Paralytica 
Mental Diseases , Neurosyphllls , etc 
Fibrin foam as hemostatic agent In neuro- 
surgery with reference to its comparison 
with muscle 340 

Filum Terminals See Spinal Cord 
Flneslnger, J E Effect of anoxia as meas- 
ured with electroencephalogram and Inter- 
action chronogram In psychoneurotic 
patients, 724 

Electrical resistance of skin, effect of size 
of electrodes, exercise and cutaneous 
hydration, *544 

Fingers and Toes circulation in denervated 
digits, 108 

inflammation and trophic ulcers in dener- 


vated areas 109 
Nails See Nails 

Fischer, I Permeability of blood-spinal fluid 
barrier In infants and in normal and 
syphilitic adults *55 

Flatau-Schllder’s Disease See Encephalitis 
periaxialis diffusa 

Foramen Intervertebral See under Spine 

Forster F M Effects of denervation on 
fasclculatlons In human muscle, relation 
of flbrillations to fasciculatlons, *276, 598 

Fractures See under names of bones and 
joints, as Humerus , Spine , etc 


Freed, H Narcosjnthesls of civilian neu- 
rosis 120 

Thematic apperception test. Its value In 
routine psychiatric practice, GOO 
Freeman, H Relation of changes in carbo- 
hydrate metabolism and psychotic states, 
735 

Kcsistance to Insulin In mentally disturbed 
soldiers, *74 

Freeman, Major Harry L awarded Army 
Commend itlon Ribbon, 328 
Frldcrlchsen-Watcrhouso Syndrome See 
Adrenals hemorrhage 

Friedman, H Permeability of blood-spinal 
fluid barrier In Infants and In normal 
and syphilitic adults *55 
Punlcull, I’osterlor See Spinal Cord 
Pusosplrochetosls , pseudomembranous angina 
followed by partial jiharyngeal paralysis, 
331 

Gatllnek, A Suprasellar calcified lesion of 
unusual size report of case, 476 
Ganglion See Gasserian Ganglion, Nervous 
Sjstem Neurons 

Sphenopalatine See Meckel’s Ganglion 
Gasserian Ganglion See also Neuralgia 

electrocoagulation, 592 

clcctroeoagulntlon by Klrschner method 593 
Gellhorn E Is restoration of Inhibited con- 
ditioned reactions by insulin coma specific 
for pavlovian inhibitions* contribution 
to theory of shock treatment, *210 
Genitals See under names of genitals 
Geriatrles Sec Old Age 
Glaser, G H Elcctical sUn resistance test 
in evaluation of peripheral nerve Injuries 
*365 

Globus J H Presidential address, brain 
tumor its future In light of past 476 
Globus Pallldus See Lenticular Nucleus 
( lutamic Acid See Acid glutamic 
Cljcosurla Sec Diabetes Mcliltus 
Goland, P P Vital staining of oxporlmcntal 
brain abscesses, 590 

Goldman L Delirium , quantltatlvo elcctro- 
cncephalographic study of case of acuto 
arsenical encephalopathy *659 
Goldman, R Clinical Implications of Belle- 
vue Wechslcr test with reference to cases 
of Injury to brain, 714 
Goodman, L S Effects of I (-f) glutamic 
acid and otlier agents on experimental 
seizures *20 

Goodwin, C Electronic devices for use In 
modem neuropsychiatry, 484 
Gottlieb J S Primary behavior disorders 
and psychopathic personality, correla- 
tions of electroencephalogram with family 
history and antecedent illness or injury 
•381 

Graduate Work See Education 
Graf C Angiomatous malformation of syl- 
vian aqueduct with remarks on manage- 
ment of aqucductal obstructions, 238 
Grant F C Vital staining of experimental 
brain abscesses, 596 

Grcenblatt M Clinical Implications of 
Bellevue-Wechsler test with reference to 
cases of Injury to brain, 714 
Gross Louis Memorial Lecture, 006 
Growth antagonism of pituitary adrenocortico- 
tropic hormone to action of growth hor- 
mone on osseous system of hjpophysecto- 
mlzed rats, 335 

effeefs of adrenocorticotropic hormone on 
osseous system in normal rats 335 
Guilt See Psychoanalysis 
Cutmann E Observations In case of muscu- 
lar dystrophy, witli reference to diag- 
nostic slgnlflcance, *1 

Haase, E Neurinoma of twelfth nerve, 342 
Hadden, S B Utilization of therapy group 
in teaching psj chothei apj 117 
Hair adrenalectomy in hypertrichosis with 
mental changes, 341 
Hallucinations See Delirium 
Halstead W C Power factor (P) in gen- 
eral intelligence, effects of lesions of 
brain 234 

Handicapped See Feeblemindedness 
Hassin G B Acute myelitis , clinlcopatho- 
logic study of case, 347 
Hauptmann A Capillaries in Anger nail fold 
In patients with neurosis epilepsy and 
migraine, *631 
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Head See also Cranium 
flexible electrodo-carrj ing headgear for elec- 
troencephnlographic examination, *G8G 
Injuries, accidental , piognosis in service 
patients, 230 

injuries , compound craniocerebral Injuiles, 
591 

Injuries , electrical paresthesias in extremi- 
ties following injury to central nervous 
sjstem, *417 

injuiies, electroencephalogram in traumatic 
epilepsj, 582 

injuries, experimental, with leference to 
mechanical factois in acute trauma, 107 
injuiies, factors Influencing mortality in, 709 
injuries, head trauma causing reactivation 
of tlij rotoxlcosis, appearance of diabetes 
meliitus, amenorrhea and melanoderma, 
587 

injuiies, pretraumatic personality and psy- 
chiatric sequelae of head injury , correla- 
tion of multiple, specific factors in pre- 
traumatic personality and psychiatric 
reaction to head injury, based on analysis 
of 101 cases, *245 

injuries , relation of trauma to juvenile 
dementia paralytica , clinicopathologlc and 
medicolegal study, 4GG 
injuries, relationship of Intracranial pres- 
sure and presence of blood In spinal fluid 
to occurience of headaches in patients 
with 708 

injuries , ring scotoma and tubular fields , 
their significance in cases of head injury, 
*300 

injuries sensation of electric shoch follow- 
ing '■30 

Injuries to central nervous system, 591 
Headache See also Migraine 
Intravenous injection of sodium amytal as 
test for latent anxiety, *5G7 
relationship of intracranial picssure and 
presence of blood in spinal fluid to occur- 
rence of headaches in patients with in- 
juries to head 708 

suprasellar calcified lesion of unusual size , 
report of case, 470 • 

Hearing See Deafness 
Heart See also Blood, circulation , etc 
abnormalities , brain abscess associated with 
congenital heart disease, 707 
Hebephrenia See Dementia Precox 
Heine-Medin's Disease See Poliomyelitis 
Hematology See Blood 

Hematoma, gross Intracerebral , report of IG 
surgically treated cases, 340 
Subdural See Meninges, hemorrhage 
Hematoxylin See Stains and Staining 
Hemiplegia See Extremities, paralysis , Pa- 
ralysis 

Hemoencephallc Barrier, permeability in mas- 
sive arsenotherapy, 455 
permeability of blood-spinal fluid barrier 
in infants and in normal and syphilitic 
adults *55 

Hemonhage See also Adrenals, hemorrhage 
Hemostasis, Meninges, hemorrhage, etc 
amblyopia resulting from, 708 
Subarachnoid See Meninges, hemorrhage 
Hemostasis, fibrin foam as hemostatic agent 
in neurosurgery, with reference to its 
comparison with muscle, 340 
Heredity and brain waves In mental diseases, 
589 

Herpes zoster , meningoencephalitis complica- 
ting herpes zoster ophthalmicus after 
treatment by vaccination, *434 
Herz E Electrical skin resistance test In 
evaluation of peripheral nerve injuries, 
*365 

Hiller F Mesodermal tissue in nerve lesions 
and repair 239 

Himwich, H E Pattern of metabolic depres- 
Sion induced with pentothal sodium, *171 
Histamine, Therapy See Migraine 
Hoagland, H Changes in electroencephalo- 
gram and in excretion of 17-keto steroids 
accompanying electroshock therapy of 
agitated depression, 733 
Dominant brain wave frequencies as mea- 
sures of physicochemical processes m 
cerebral cortex, *207 

Fatigue in relation to adrenal cortex 717 
Aew psychiatric rating scale, 729 
Hoen T 1 Electrical skin resistance test 
in evaluation of peripheral nerve injuries 
* SGo 


Hormones See Adrenal Preparations , Insu- 
lin , etc 

Hospitals , results of shock therapy evaluated 
by estimating chances of patients remain- 
ing m hospital without such treatment, 
590 

Humerus, fractures , course and rate of regen- 
eration of motor fibers following lesions 
of radial nerve, *133 
Hunt Syndrome See Herpes zoster 
Hydrocephalus , reversibility of dilatation of 
cerebral ventricles, 597 
Hypeihidrosis See Sweat Glands 
Hjperlnsulinism See under Insulin 
Hy perkeratosis See Keratosis 
Hypeiparathyroidism See under Parathyroid 
Hypertension See Blood pressure, high 
Hypertrichosis See Hair 
Hypertrophy See under names of organs and 
regions 

Hypoglycemia See Blood sugar 
Hypomania See Mental Diseases 
Hypophysectomy See under Pituitary Body 
Hypophysis See Pituitary Body 
Hypothermia See Cold 

Hysteria See also Neuroses and Psychoneu- 
loses 

acute, electroconvulsive therapy, 591 
studies of syncope, differentiation between 
vasodepressor and hysterical fainting, 4G5 


Idiocy See also Feeblemindedness 
amaurotic, adult or late form, 595 
Idiosyncrasy See Anaphylaxis and Allergy 
Imbecility See Feeblemindedness , Idiocy 
fatigue in relation to adrenal cortex, 717 
Industry , fatigue in relation to adrenal cortex, 
717 

intervertebral disk injury , analysis from 
industrial standpoint, 331 
Inebriety See Alcoholism 
Infantile Paralysis See Poliomyelitis 
Infants See also Children 
newborn , capillaries in fingernail fold in 
patients with neurosis, epilepsy and mi- 
graine, *631 

permeability of blood-spinal fiuid barrier In 
infants and in normal and syphilitic 
adults *55 

psychiatric adventure in comparative patho- 
physiology of Infant and adult, 457 
Injections, Intravenous See Anxiety 
Subarachnoid See Pyridoxine 
Injuries See under Head , Spine , etc 
Insanity See also Dementia Precox Depres- 
sion Mental Diseases 
Alcoholic See Alcoholism 
biomine content of blood in mental ^dis- 
eases , manic-depressive psychosis, *G73 
Instruments See Apparatus 
Insulin See also Diabetes Meliitus 

cardiazol (metrazol) and electroshock treat- 
ment in Palestine during last 5 years, 


oso 

IS lestoration of inhibited conditioned reac- 
tions by insulin coma specific for pavlo- 
vian inhibitions? contribution of theory 
of shock treatment, *216 
lesistance in mentally disturbed soldiers, *i4 
results of shock therapy evaluated by esti- 
mating chances of patients remaining in 
hospital without such treatment, 590 
shock treatment after 7 jears, 587 
itelligence, power factor (P) in general intel- 
ligence, effects of lesions of brain, 234 
Test See Mental Tests 
iterv'ertebral Disks See Spine 
itoxication See Alcoholism 
itradural Space See Cranium 
itroversion See under Personality 
idine and Iodine Compounds, effects of 
iodized poppjseed mi 

in peanut oil m subarachnoid space of 
anJmals 111 , ^ 

on, oxidation of phospholipid cataljzed_ by 
Iron compounds ^vith ascorbic acid 4 jC 
on Hcmatoxjlin Staining See Stains and 

C!foin?nrT 


nese Blver Fever See TsutsugamushI 

^'^*A V Brain after intermittent cx- 
oosure to simulated high altitude 34G 
smlogic study of brain in experimentally 
Induced acidosis *428 
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Johnson, H C Effects of antibiotic sub- 
stances on central nervous system, *184 
Penicillin therapy for spina bifida, 122 
Joints See under names of joints 
Journals See Periodicals 
Jurisprudence, Medical See also Alcoholism, 
etc 

relation of trauma to juvenile dementia 
paraljtlca, cllnlcopathologlc and medico- 
legal study, 4CG 

Kahn, R L Tovlclty of qulnacrlne (atabrlnel 
for central nervous system, experimental 
study on human subjects, *284 
Kalz F Permeability of blood-spinal fiuld 
barrier In. Infants and In normal and 
sjphllltlc adults, *55 

Kaplan, L I Psychiatric overlay In physical 
disease, 475 

Use of quantitative parasite inoculation 
doses in Plasmodium vlvax malaria ther- 
apy *05 

Kaufman, I C Changes In electroencephalo- 
gram and in excretion of 17-hcto steroids 
accompanying electroshock therapy of 
agitated depression, 733 
Dominant brain nave frequencies as mea- 
sures of phislochcmlcal processes In cere- 
bral cortex *207 
New psjchlatrlc rating scale 729 
Kcdanl Fever See Tsutsugamushl Fever 
Keeton R W Neurologic disturbances asso- 
ciated with multiple myeloma, 482 
Kenny Method See Pollomj elltls 
Keratosis , dermatologic aspects of poliomyel- 
itis 409 

Keto Steroids See Adrenals 
Ketosis See Acidosis 

Kidneys hepatorenal failure In IVatcrhousc- 
Friderichsen sjndrome 703 
Kilgore S Cleidocranial dysostosis nlth 
psychosis *401 

Klrschnor Method See Gasserian Ganglion 
Klopp Henry I memorial to 122 
Knott J R Primary behaiior disorders and 
psychopathic personality correlations of 
electroencephalogram with family history 
and antecedent Illness or Injury *381 
Koenig H Histologic study of brain in ex- 
perimentally induced acidosis *428 
Kollros J J Effects of antibiotic substances 
on central nervous system *184 
Kozol H L Pretraiimatlc personality and 
psychiatric sequelae of head injury , cor- 
relation of multiple specific factors in 
pretraumatic personality and psychiatric 
reaction to head Injury based on analysis 
of 101 cases *24o 

Krieg W J S Connections of cingulum 238 
Cortical areas of albino rat 739 
Kugelberg E Neurologic mechanism for cer- 
tain phenomena In tetany *507 
Kussmaul-Maler Disease See Periarteritis 
nodosa 

Labyrinth See Ear, Internal 
Lasker G W Cleidocranial dysostosis nlth 
psychosis *401 

Lecture ninth annual Louis Gross Jlemorial 
Lecture 606 
Legs See Extremities 

Lenticular Nucleus , hepatolenticular degenera- 
tion (Wilson’s disease) report of 1 case 
with severe portal cirrhosis and spleno- 
megaly 583 

Leontiasis ossium, osteoporosis circumscripta 
cranli 711 

Leptomenlnges See Meninges 
Leptomeningitis See Meningoencephalitis 
Leukoencephalitis See Encephalitis periaxialis 
diffusa Meningoencephalitis 
Leukotomy See Brain surgery 
Lhermitte s Sign See Sensation disorders 
Libido See Psychoanalysis 
Lidz T Toxicity of quinacrine (atabrine) 
for central nervous system experimental 
study on human subjects *284 
Limarzl L Neurologic disturbances associ- 
ated with multiple myeloma, 482 
Limbs See Extremities 

Lindemann E Effect of anoxia as measured 
with electroencephalogram and Interaction 
chronogram in psy clioneiirotic patients 
724 

Lipetz B Electric shock therapy of elderlx 
patients *158 


Lipoids In Blood See Blood, fats and lipoids 
oxidation of phospholipid catalyzed by Iron 
compounds with ascorbic acid, 450 
LIssaucr s Paralysis See Dementia Paralytica 
Tract See Spinal Cord 
Little S C Electrical paresthesias In ex- 
tremities following Injury to central ncry- 
ous system *417 

Liver cirrhosis , hepatolenticular degeneration 
(Wilson’s disease) , report of 1 case with 
SCI ere portal cirrhosis and splenomegaly 
583 

hepatorenal failure In Waterhouse-Fride- 
richsen syndrome, 703 
pathology In extrapyramldal disease, 585 
Lobolomy Sec Brain, surgery 
Locomotion See Morements 
Low A A Group psychotherapy with priy ate 
patients, 475 

Luhan J A Paroxysmal attacks of uni- 
lateral sweating associated with pontile 
lesion , report of case 182 
Lumbago See Backache 
Lymphocytes, count, lymphocytosis In cerebro- 
spinal fluid, 704 

Lympiiocytosls Seo Lymphocytes, count 

McCulloch, W’ S One component of extra- 
pyramidal system, 348 
Onelrojfiirenla, cllnlcophyslologlc syndrome 
483 

McIntyre A R Flexible electrode carrying 
headgear for clectroenccphalographlc ex- 
amination, *080 

Macrostereognosla See Touch 
Madonick, M J Jlcnlngoenccplnlitls com- 
plicating herpes zoster ophthalmicus after 
treatment by yacelnatlon, *431 
Magoun n W One component of extra- 
pyramidal system, 348 

Maler Kiissmaul Disease See Periarteritis 
nodosa 

Malamud W Changes In eleetroenoephalo- 
gram and in excretion of 37-kcto steroids 
accompanying electroshock therapy of 
agitated depression, 733 
Ncyy psychiatric rating scale, 729 
Malaria electroenccphalographlc studies dur- 
ing fever Induced by typhoid vaccine and 
malaria In patients yylth ncurosyphllls, 
223 

histopathologic changes In cerebral malaria 
and their relation to psychotic sequels 
•79 

Therapeutic Sec Dementia Parahtlca, 
Ncurosyphllls etc 

toxicity of qulnacrlne (atabrine) for central 
ncr\ ous system , experimental study on 
human subjects *284 

type of neuritis associated with malarial 
foyer 331 

use of quantitative parasite Inoculation 
doses In Plasmodium vlvax malaria ther- 
apy *03 

Malnutrition Sec Vitamins , etc 
Mania See Insanity , Mental Diseases etc 
Manuel C Effects of / (-r) glutamic acid 
and other agents on experimental seizures 
*20 

March! Reaction See Tissue sections 
Marchlafava-Blgnaml’s Disease Seo Corpus 
Callosum 

Martin R L Bromine content of blood In 
mental diseases , manic-depressive psy- 
chosis *673 

Marvin T Bromine content of blood In 
mental diseases manic-depressive psycho- 
sis *673 

Maxwell H P DIastcraatomyelia , report of 
case, 237 

Mccliolyl See Choline and Choline Derha- 
tives 

Meckel’s Ganglion modern view of neuralgia 
referable to 333 

Medical Education See Education 
Medical Jurisprudence See Jurisprudence 
Medical 

Medicine, Aviation See Aviation and Aviators 
Industrial See Industry 
Military See Jlilltary Medicine 
Psychosomatic See under Mind, body and 
mind 

Mcdin-Heme Disease See Poliomyelitis 
Medulla Oblongata , surgical treatment of 
syringobulbia and syringopontia report 
of 2 cases, *442 
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Meduna, L J Oneirophrenia, clinicophysi- 
ologic syndrome, 483 
Melancholia See Depression, Insanity 
Involutional See Mental Diseases 
Melanin, pigmentation, head trauma causing 
reactivation of thjroto\icosis, appearance 
of diabetes mellitus, amenorrhea and 
melanoderma, 587 

Jlelanoderma See Melanin, pigmentation 
Melarsen See Arsenic and Arsenic Com- 
pounds 

Menifere’s Disease See Vertigo, aural 
Meninges, chronic leptomeningeal thickening 
following treatment of meningitis with 
sulfonamide drugs, 122 
effects of iodized poppyseed oil and iodine- 
chlorine In peanut oil in subarachnoid 
space of animals. 111 

hemorrhage , chronic solid subdural hem- 
atoma, 231 

hemorrhage , spontaneous subarachnoid hem- 
orrhage with paraplegia following intra- 
thecal treatment with sulfapyridine, 470 
Meningitis See also Meningococci, Meningo- 
encephalitis 

chronic leptomeningeal thickening following 
treatment of meningitis with sulfonamide 
drugs, 122 

due to post-traumatic cerebrospinal rhlnor- 
rhea, 22G 

Hemorrhagic See Meninges, hemorrhage 
pneumococcic , recovery with sulfamethazine 
(sulfamezathlne), 705 

prevention, treatment and end results of, 
227 

sulfadiazine and its sodium compound in 
treatment of meningococcic meningitis and 
meningococcemia, 330 
Meningocele See Spina Blflda 
Meningococci See also under Meningitis 
hepatorenal failure in Waterhouse-rrlderich- 
sen syndrome, 703 

sulfadiazine and its sodium compound in 
treatment of meningococcic meningitis and 
meningococcemia, 336 

Meningoencephalitis See also Encephalitis , 
Jlenlngitis 

complicating herpes zoster ophthalmicus 
after treatment by vaccination, *434 
electroencephalographic findings during and 
after acute encephalitis and meningo- 
encephalitis 465 

leukoencephalitis associated with purulent 
leptomeningitis (meningoleukoencepha- 
litis) 586 

Mental Deficiency See Feeblemindedness , 
Idiocy 

Mental Diseases See also Children , Dementia 
Paralytica, Dementia Precox, Feeble- 
mindedness , Insanity , Mental Hygiene , 
Neuroses and Psychoneuroses , Person- 
ality , Psychiatry , etc 
accidents in shock therapy, 462 
brain waves and heredity in, 589 
effect of electric shock therapy on spinal 
fluid pressure protein and cells, 587 
electric shock therapy of elderly patients, 
*158 

mentally diseased patient as individual, 119 
morbidity and mortality of patients with 
psychosis due to cerebral arteriosclerosis, 
588 

neurotic constitution, 330 
psychoses occurring in soldiers during train- 
ing period 113 

relation of changes in carbohydrate metab- 
olism and psychotic states 735 
resistance to insulin in mentally disturbed 
soldiers *74 

results of shock therapy evaluated by esti- 
mating chances of patients remaining in 
hospital without such treatment, 590 
therapeutic efficacy of electroconvulsive 
therapy, 458 

warning concerning use of curare in con- 
vulsive shock treatment of patients with 
psvchiatric disorders who may have my- 
asthenia gravis, 473 

Jlcntal Hygiene contracts between Veterans 
Administration and private mental hygiene 
clinics 222 

fellowships for training in child guidance 
clinic psvchiatry 126 
■Mental Tests See also Personality 
changes in electroencephalogram and in 
excretion of 17-keto steroids accompany- 
ing electroshock therapy of agitated 
depression 733 


Mental Tests — Continued 
clinical implications of Bellevue-Wechsler 
test with reference to cases of injury to 
brain, 714 

effect of glutamic acid on mental function- 
ing in children and adolescents, *489 
new psychiatric rating scale, 729 
power factor (P) in general intelligence, 
effects of lesions of brain 234 
psychometric study of senility, 461 
thematic apperception test, its value in rou- 
tine psychiatric practice. 600 
toxicity of Quinacrlne (atabrlne) for central 
nervous system , experimental study on 
human subjects, *284 

Merkin, M Effects of I {-{-) glutamic acid 
and other agents on experimental seizures, 
*20 

Mcrzbacher-Pelizaeus’ Disease See Encepha- 
litis periaxialis diffusa 

Mesoderm and Mesodermal Tissue , meso- 
dermal tissue in nerve lesions and repair, 
239 

Metabolism See under specific headings as 
Brain , etc 

Metals , experimental observations on use of 
stainless steel for cranioplasty, com- 
parison with tantalum, 594 
osteomyelitis of skull , its treatment with 
penicillin and repair of defect with 
tantalum, 340 

Poisoning See under names of metals 

Metrazol, accidents in shock therapy, 462 
effects of / (4-) glutamic acid and other 
agents on experimental seizures, *20 
results of shock therapy evaluated by esti- 
mating chances of patients remaining in 
hospital without such treatment, 590 
Therapy See Dementia Precox Mental Dis- 
eases , Neuroses and Psychoneuroses , etc 

Michelsen, J J Diagnostic aspects of uni- 
lateral ruptured cervical disk, 721 
Electromyography in differential diagnosis 
of ruptured cervical disk, *651 

Migraine, capillaries in finger nail fold in pa- 
tients with neurosis, epilepsy and migraine, 
*631 

intravenous administration of histamine in 
treatment, 356 

intravenous injection of sodium amytal as 
test for latent anxietv, *567 
migraine headache , some clinical observa- 
tions on vascular mechanism and its con- 
trol, 464 

objective personality studies by means of 
Rorschach method 459 

Military' Medicine See also Aviation and 
Aviators, Neuroses and Psychoneuroses, 
etc 

accidental head injuries , prognosis in service 
patients, 230 

cerebral dysrhythmia and psychopathic per- 
sonalities, study of 96 consecutive cases 
in military hospital, *677 
duty problem of psychiatric casualty , rapid 
method of decision, 226 
histopathologic changes in cerebral malaria 
and their relation to psycliotlc seciucls, 
*79 

injuries to peripheral nervous system 470 
military aspects of narcolepsy 406 
neurologic disease following infections of 
throat and skin and incidence of diph- 
theritic Infections, *558 
neuropsycliiatrlc observations on tsutsuga- 
muslii fever (scrub typhus), *42 
neurotic constitution 330 
personality changes characterizing transition 
fiom civilian to military life 223 
psychoses occurring In soldiers during train- 
ing period, 113 

psychosomatic casualties in Middle East 
461 

war and its psychiatric problems 437 

Mind, body and mind , psychosomatic casualties 
in Jliddle East 4G1 

Diseases See Dementia Prccox , Insanity 
Mental Diseases etc 

Mixter M J Diagnostic aspects of unilateral 
ruptured cervical disk 721 

Moldaver T Electrical 'kin rc'istance test 
in evaluation of perlphcnl nerve injuries 
•363 

Moore M T Rcovaluafion of contraindica- 
tions to electric shod tlur'-pv, 331 

Morons See Feeblemindedness 
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Morphine, chronic psychoses and addiction to, 
*GG5 

Mosquitoes See Encephalitis , Malaria , etc 
Motoneurons See Neurons 
Mouth, intraoral splint for facial palsy, 341 
Movements See also Muscles 

cerebellar, dyshinetlc and alternatlnK sensory 
syndromes caused by aneurysm In region 
of pons, 4G3 

Disorders See Chorea Parkinsonism , etc 
Jlurata, M Eflects of I {+) glutamic acid 
and other agents on evporlmcntal seizures 
*20 

Muscles Atrophy See Atrophy, muscular 
contractures following experimentally pro- 
duced lesions of peripheral nerves, 344 
denervated, contractility and excitability of, 
110 

Dystrophy See Dystrophy, muscular 
effect of electrical stimulation on circulation 
and recovery of denervated muscle 110 
effect of galvanic exercise on denervated 
and relnncrvated muscles In rabbit, 223 
effects of denervation on fasclculatlons In 
human muscles , relation of fibrillations 
to fasclculatlons, *270, 508 
elcctromj ograpby In differential diagnosis of 
ruptured cervical disk, *051 
fibrin foam as hemostatic agent In neuro- 
surgery, with reference to Its comparison 
with muscle, 340 
Paralysis See Paralysis 
physiology , relative potency of some adrenal 
cmtlcal steroids in muscle y\ork test 320 
Rigidity See Rigidity 

Myasthenia Gravis , yvarning concerning use 
of curare In convulsive shock treatment 
of patients with psychiatric disorders who 
may have myasthenia gravis 473 
Myelin See Brain , Encephalitis periaxialis 
diffusa, Nerves Nervous System, etc 
Myelitis acute , cllnlcopathologlc study of 
case, 347 

Myelodysplasia See Spina Bifida , Spinal 
Cord abnormalities 

Myeloma multiple, associated with neurologic 
disturbances 482 

Myelomalacia See under Spinal Cord 
Myelopathy See Spinal Cord 
Myocardium See Heart 
Myotonia Dystrophlca See Dystrophv mus- 
cular 

Nails capillaries In finger nail fold In pa- 
tients with neurosis epilepsy and migraine 
*G31 

capillaries of nail fold In patients yvlth 
neuroclrculatory asthenia (effort syn 
drome anxiety neurosis) *043 
Narcoanalysis See Anesthesia 
Narcolepsy See Sleep 
Narcosis See Anesthesia 
Narcosynthesis See Anesthesia 
Narcotics See under Anesthesia 
Nares See Nose 

Naval Medicine See Aviation and Aviators 
Military Medicine , etc 

Ntck, injuries , electrical paresthesias In ex 
tremltles following inpiry to central 
nervous system *417 

sensation of electric shod following head 
Injury *30 

Neoplasms See Cancer, Sarcoma 
Nerves See also Nervous System Neuralgia 
Neuritis , Paralysis 
Cells See Neurons 

contractility and excitability of denervated 
muscle 110 

early lepair of neural wounds with peni- 
cillin therapy 590 

effect of electrical stimulation on circulation 
and recovery of denervated muscle 110 
effect of percussion of, 581 
effects of denervation on fasclculatlons in 
human muscle, relation of fibrillations to 
fasclculatlons, *276, 598 
electrical skin resistance test in evaluation 
of peripheral nerve injuries, *365 
facial reconstruction of 590 
inflammation and trophic ulcers In do 
nervated areas, 109 

injuries to peripheral nervous system 470 
Injury 3 types of 471 

mesodermal tissue In nerve lesions and re- 
pur 239 

neurinoma of twelfth nerve 342 


Non cs — Continued 

110111 ologic mechanism for certain phenomena 
In tetany, *507 
Paralysis See Paralysis 
peripheral, contractures following experi- 
mentally produced lesions of 344 
peripheral, effect of sulfonamide drugs on 
experimental gunshot wounds of 471 
radial, course and rate of regeneration of 
motor fibers following lesions of, *133 
regeneration In rat following tubular splicing 
of severed nerves, C97 
Sciatic Sec Sciatica 

sebaceous secretion In absence of nerve 
fibers 110 

studies In denervation, 108 
sutured return of sensation after denerva- 
tion and regeneration of, 347 
Trigeminal See Neuralgia, trigeminal 
Tumors See Nervous System 
Nervous System See also Brain, Cerebellum 
Nerves , Neurons , Reflex , Spinal Cord , 
etc 

amphefamino (benzedrine) sulfate on higher 
nervous activity compared with alcohol 
338 

Diseases See also Epllepsv , Xlental Dis- 
eases Neuritis Neuroses and Psycho- 
neuroses , etc 

diseases , review of 100 eases of diabetic 
neuropathy 334 

diseases subarachnoid administration of 
pyrldoxlne hydrochloride In 339 
effects of antibiotic substances on central 
nervous system, *184 

electrical parestlieslas in extremities follow- 
ing Injury to central nervous system *417 
injuries to central nervous system 591 
Iron-alum-hematoxylln staining method for 
myelinated fibers, 105 

neurologic and neurovegetativo phenomena 
occurring during and after electroshock 
458 

neurologic disease following Infections of 
throat and skin and Incidence of diph- 
theritic Infections, *558 
neurologic disturbances associated with 
multiple myeloma, 482 
ncuropsychlatrlc observations on tsutsuga- 
mushl fever (scrub typhus) *42 
parallelism between quantitative Incidence 
of carbonic anhvdrase and functional 
levels of central nervous system G98 
quantitative Incidence of carbonic anhydrase 
In central nervous system lOG 
studies on developmental pathology , dis- 
integration In nervous system of normal 
and maldevelopcd embryos 5SG 
Surgery See Brain, surgery 
Svphllls See Neurosyphllls 
toxicity of qulnacrlnc (atabrinc) for central 
nervous system experimental study on 
human subjects *284 

Nervousness See Neuroses and Psyebo- 
ncuroses 

Neuralgia referable to Meckel s ganglion 
modern view, 333 

trigeminal , electrocoagulation of gasserian 
ganglion, 592 

trigeminal electrocoagulation of gasserian 
ganglion by KIrschner method 593 
Neuinxls See Nervous Svstem 
Neurinoma of twelfth nerve 342 
Neuritis, Sciatic See Sciatica 
type associated with malar! il fever 3'’4 
Neurohypophysis See Pituitary Body 
Neurology See also Nerves Nervous Svstem 
Neuropsychiatry , Neuroses and Psyclio- 
neuroses etc 

American Board of Psychiatry and Neurol 
ogy Inc 121 328, 606 
Neurons histologic study of brain in expel i- 
mentally Induced acidosis *428 
hlstopathology of polioencephalitis hemor- 
rhagica superior (Wernicke’s disease) 
*609 

Intracentral and peripheral factors in differ- 
entiation of motor neurons In transplanted 
lumbosacral spinal cords of chick embryos 
107 

mechanism of axonal vasodilation 109 
parallelism between quantitative incidence 
of carbonic anhydrase and functional 
levels of central nervous svstem 698 
Neuropsychiatry See also Xlllltary Jledicine 
Neurology , Psychiatry War , etc 
electronic devices for use in modern neuro- 
psychiatry 484 
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Neuropsychiatry — Continued 
Neuropsychiatilc Institute at Medical College 
of Alabama, 222 

observations on tsutsugamushi fever (scrub 
typhus), *42 

Neuroses and Psjchoncuroses See also Mental 
Diseases, Nervous Ssstem, diseases, etc 
adrenalectomy in hypertrichosis with mental 
changes, 341 

capillaries in finger nail fold in patients 
with neurosis, epilepsy and migraine, *631 
chronic psychoses and addiction to morphine, 
665 

clinical and electroencephalographic studies 
m obsessive-compulsive states, 113 
duty problem of psychiatric casualty, rapid 
method of decision, 226 
elfect of anoxia as measured with electro- 
encephalogram and Interaction chrono- 
gram in psychoneurotic patients, 724 
evaluation of results of electric shock treat- 
ment of psychoneuroses, 348 
fatigue in relation to adrenal cortex, 717 
group psychotherapy with private patients, 
475 

histopathologic changes in cerebral malaria 
and their relation to psychotic sequels, 
*79 

narcosynthesis of civilian neurosis, 120 
pretraumatlc personality and psychiatric 
sequelae of head injury , correlation of 
multiple, specific factors In pretraumatlc 
personality and psychiatric reaction to 
head insury, based on analysis of 101 
cases, *245 

studies of syncope , differentiation between 
vasodepressor and hysterical fainting, 456 
studies on physiology of flight, effect of 
anoxia on electroencephalogram of psy- 
ohoneurotlc and normal adults, 725 
toxicity of quinacrlne (atabrlne) for central 
nervous system , experimental study on 
human subjects, *284 

war neuroses, psychiatric experiences and 
management on Pacific island, 460 
Neurosurgery See Brain, surgery 
Neurosyphilis See also Dementia Paralytica 
electroencephalographic studies during fever 
induced by typhoid vaccine and malaria 
in patients with, 223 
penicillin treatment of, 591 
permeability of blood-spinal fluid barrier In 
Infants and In normal and syphilitic 
adults *55 

permeability of hemoencephahe barrier in 
massive arsenotherapy, 455 
use of quantitative parasite inoculation 
doses In Plasmodium vlvax malaria ther- 
apy, *65 

Newborn Infants See Infants, newborn 
Nicotinic Acid See Veitigo, aural 
Nissl Granules See Neurons 
Nixon D li Clip-on electrode for use In 
electroencephalography, *691 
Nomenclature, camptocormia, 327 
Nose discharge , meningitis due to poat- 
traumatic cerebrospinal rhinorrhea 226 
intracranial suppuration secondary to dis- 
ease of nasal septum, 228 
Noyes A P Memorial to Dr Henry I Klopp, 
122 

Nucleus Pulposus See under Spine 
Nutrition See Dystrophy , "Vitamins 
Nystagmus See also Cerebellum , Ear, 
internal 

vortical, produced by peripheral labyrinthine 
lesions, 329 

Obituaries 

Dandy, Walter Edward 127 
HaSkovec, Ladlslav, 129 
Klopp, Henry I , memorial to 122 
Masson, Clement Buchanan, 694 

Obsessions Sec Dementia Precox , Neuroses 
and Psychoneuroses 
Occupations See Industry 
Oedipus Complex See Psj choanalj sis 
Oil, lodlvod See Iodine and Iodine Com- 
pounds 

Old Ago , brain waves and clinical features in 
arteriosclerotic and senile mental patients 
589 

electric shock therapy of elderly patients 
•158 

psjchometrlc study of senility, 461 
speech In scnllitv, 225 


0 Leary, J L Cerebral dysrhythmia and 
psychopathic personalities , study of 96 
consecutive cases In military hospital, 
*677 

Oligophrenia See Feeblemindedness, Idiocy 
Ommatldia, effect of reduction in numbers of 
ommatidia on brain of Drosophila melano- 
gaster, 105 

Oneirophrenia , clinicophyslologic syndrome, 
483 

Ontogeny See Psychoanalysis 
Osteogenesis See Bones, growth 
Osteomyelitis of skull , its treatment with peni- 
cillin and repair of defect with tantalum, 
340 

Osteoporosis See Cranium, diseases 
Oxygen, deficiency, adaptation to anoxia at 
different age levels, 455 
deficiency, studies on physiology of flight, 
effect of anoxia on electroencephalogram 
of psjehoneurotic and normal adults , 725 
effect of anoxia as measured with electro- 
encephalogram and interaction chrono- 
gram in psychoneurotic patients, 724 


Pain See also Sensation 
clinical characters of, 456 
intravenous injection of sodium amytal as 
test for latent anxiety, *567 
Palate, mechanism of velopharyngeal closure, 
701 

Palsy See Paralysis 

Paralysis See also Extremities, paralysis. 
Poliomyelitis 

Bell’s See Paralysis, facial 
Erb’s See Paralysis, spinal 
facial, intraoral splint for, 341 
General See Dementia Paralytica 
Infantile See Poliomyelitis 

Periodic See Extremities, paralysis 

Pharyngeal See Pharynx 
spinal, delayed paraplegia following frac- 
tures of vertebrae, 232 
spinal , spontaneous subarachnoid hemor- 
rhage with paraplegia following Intra- 
thecal treatment with sulfapyrldine, 470 
Paranoia See Dementia Precox 
Paraplegia See Extremities, paralysis , 
Paralysis, spinal 

Parathyroid, osteoporosis circumscripta cranll, 
711 

Paresis See Dementia Paralytica 
Parietal Lobe See Brain 
Parkinsonism See also Encephalitis 

"vibration sense" as differential diagnostic 
sign in doubtful cases of parkinsonian 
syndrome, 708 

Parotid Gland , reconstruction of facial nerve 
590 

Patulin , effect of clavacln on central nervous 
system, *195 

Pelizaeus-Merzbacher Disease See Encepha- 
litis periaxialis diffusa 

Penicillin, convulsive factor in commercial 
penicillin (following application to cere- 
bral cortex), 698 

effect on central nervous system, *184 
Therapy See Nerves , Neurosyphilis , Osteo- 
myelitis, Spina Bifida, etc 
Pentotbal See Anesthesia 
Perception See also Sensation , etc 
abnormal delay of visual perception, *198 
ring scotoma and tubular fields, their sig- 
nificance In cases of head injury *300 
Periarteritis nodosa with decerebrate rlgidlta 
and extensive encephalomalacia In 5 year 
old child, 112 


irlmetry See Vision 

irret, G Cerebral thromboangiitis oblit- 
erans, 343 

irryman, C R Rcierslbility of dilatation 
of cerebral ventricles, 597 
■rsomllty, cerebral dysrhythmia and psicho- 
pathlc personalities, study of 96 consccu- 
the cases in militarv hospifal ‘Gn 
changes characterizing transition from 
civilian to military life 22" 
objective personality studies in migraine bv 
means of Rorschach roctliod, 4j9 
pretraumatlc, and psvciiiatric sequelae of 
head Injury, correlation of multiple 
specific factors in pretraumatic pcr<^omiilv 
and psTChiatrlc reaction to head injur 
based on anaUsIs of 101 case' -4 > 
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Personalltj — Continued 

primary behailor disorders and psychopathic 
personality correlations of electroenceph- 
alogram with famll> history and ante- 
cedent Illness or Injury, *381 
Rorschach performance with neuroclrcula- 
tory asthenia, 459 

thematic apperception test. Its value in 
routine psjchiatrlc practice, 600 
Perspiration See Sweat, Sweat Glands 
Pfeifer A Z Chronic psjehoses and addic- 
tion to morphine, *665 
Pharynx, mechanism of velopharjngeal closure, 

701 

paralysis , pseudomembranous angina fol- 
lowed by partial pharyngeal paraljsls 

334 

Phobias See Neuroses and Psychoncuroses 
Phonation See Speech 
Phospholipids See Blood, fats and lipoids. 
Lipoids 

Pliyslology, psjchiatrlc adventure in compara- 
tive pathophjslology of infant and adult, 
457 

Picrotoxin See Arsenic and Arsenic Com- 
pounds 

Pigmentation See Melanin 
Pincus, G Changes in electroencephalogram 
and in excretion of 17 Koto steroids 
accompanying elcctroslioclv tlierapy of 
agitated depression 733 
Patigue in relation to adrenal cortex, 717 
Pituitary Body See also Sella Turcica 
antagonism of pituitary adrenocorticotropic 
hormone to action of growtli hormone on 
osseous sjstcm of hjTiophysectomizcd rats, 

335 

Plasma See Blood 
Plasmodium Tlvax See Malaria 
Plexus See Choroid Plexus , etc 
Pneumococci, pneumococcal meningitis re- 
covery with sulfamethazine (sulfa- 
mozafliine), 765 

Poisons and Poisoning See under names of 
various substances as Thlocjanates etc 
Polioencephalitis See Encephalitis 
Poliomyelitis and recent tonslllectomj 468 
dermatologic aspects of, 469 
Heine Jledin disease in adult 469 
of pseudomyopathic form 232 
results of modern methods of treatment 
'38 

second attach after 13 years 232 
virus distribution of 454 
Polyarteritis See Periarteritis 
Pons Varolil , olivopontocerebellar atrophy 

702 

paroxjsmal attachs of unilateral sweating 
associated with pontile lesion , report of 
case, 482 

Port Wine Blrthmarh See Angioma 
Position See Posture 

Posture suprasellar calcified lesion of unusual 
size , report of case 476 
Potassium Thiocyanate See Thiocyanates 
Power Factor See Mental Tests 
Psjehiatry See also Insanity Jurisprudence, 
Medical Mental Diseases Neuropsychi- 
atry , Psychoanalysis Psychotherapy 
liar, etc 

American Board of Psychiatry and Neurol- 
ogy, Inc 124 328, 606 
and public, 602 

fellowships for training in child guidance 
clinic psychiatry 126 

refresher course University of California, 
125 

research positions created 606 
psychiatric overlay in physical disease 
475 

war and its psychiatric problems 457 
Psychoanalysis See also Psychotherapy 
drawings of 7 year old child 115 
phyletic manifestations and reversions 479 
runaway from home 113 
school of applied psychoanalysis, extension 
courses of New York Psychoanalytic In- 
stitute 696 

Psychobiology See Mind, body and mind 
Psychology See Mental Tests, Personality 
War, etc 

Psychoncuroses See Neuroses and Psycho- 
neuroses 

Psychoses See Insanity Mental Diseases 
Neuroses and Psychoncuroses etc 
Psjehosurgery See Brain surgery 


Psjchotlicrapy See also Psychoanalysis 
group therapy in extramural clinic, 235 
group, with private patients, 475 
narcosynthesis of civilian neurosis, 120 
utilization of therapy group In teaching, 
117 

Puberty See Adolescence 
Public Relations, psychiatry and public 602 
1 ulfrich Effect See Vision 
Putnam, T 3 Effect of glutamic acid on 
mental functioning in children and 
adolescents *489 

Pjrldoxlne hydrochloride, subarachnoid ad- 
ministration in diseases of nervous sjstcm, 
339 

Quinacrinc See Acridine Dyes 

Radioactivity, effect of Ingested choline on 
turnover of plasma phospholipids 106 
Rats , cortical areas of albino rat, 739 
Read H S Use of quantitative parasite 
inoculation doses In Plasmodium vivax 
malaria therapy *65 
Recruits Sec Military Jlcdicinc 
Reflex amphetamine (benzedrine) sulfate on 
higher nervous activity compared with 
alcohol, 338 

demonstrations of visceral pain by deter- 
mination of skin potentials, 697 
is restoration of Inhibited conditioned reac- 
tions by insulin coma specific for pavlovlan 
inhibitions? contribution to theory of 
sliock treatment *216 
Refrigeration See Cold 

Rehabilitation See Hospitals Mllltarv 'Medi- 
cine Neuroses and Psychoncuroses, etc 
Rcider N Plicnomena of sensory suppres- 
sion 481 

Sensation of electric shock following head 
injury *30 

Research positions created 606 
Resplratorv Tract See Nose, Pliarjnx etc 
Retina bovine distribution of dlphospho- 
pjrldine nucleotide in 223 
projection on superior colliculus of cats 
699 

Rhinos R One component of extra pyramidal 
system 348 

Rhinorrhea See Nose discharge 
Rickettsia See Tsutsugamushl Disease 
Rigidity periarteritis nodosa with decerebrate 
rigidity and extensive cncephalomalacia 
in 5 vear old child, 112 
van Rijssel T G Circulation of ccrebro- 
spinai fluid in Carassius gibello *522 
Ripley H S Neuropsychiatric observations 
on tsutsugamushl fever (scrub tvphus) 
*42 

Robinson M H Evaluation of results of 
electric shock treatment of psychoneuroscs 
348 

Roentgen Rays Therapy See under names 
of organs, regions and diseases 
Romano J Delirium quantitative electro- 
encephalograpliic study of case of acute 
arsenical encephalopathy *659 
Rorschach Test See Slental Tests , Personality 
Ruble D C Chronic psychoses and addic- 
tion to morphine *665 

Rubrospinal Tract See Extrapjramidal Tract 
Ryan J J Cerebral dysrhythmia and psycho- 
pathic personalities study of 96 consecu- 
tive cases in military hospital, *677 

Sachs E Abnormal delay of visual per- 
ception *198 

Sachs Tay’s Disease See Idiocy, amaurotic 
Sarcoma See also Cancer, etc 
osteogenic of skull 712 
Schenker, A Permeability of blood spinal 
fluid barrier in infants and in normal and 
syphilitic adults, *55 

Schilder-Flatau s Disease See Encephalitis 
periaxialis diffusa 

Schizophrenia See Dementia Precox 
Sciatica present status of surgical treatment 
of sciatic and lumbosciatic pain due to 
lesions of intervertebral disl s, 332 
Scientific Exhibit, Atlantic City Session of 
American Medical Association, 696 
Sclerosis See also Arteriosclerosis 

amyotrophic lateral syndrome caused by 
cervical hourglass tumor 469 
Scotoma ring scotoma and tubular fields 
their significance in cases of head injury 
*300 
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Scott, Experimental observations on use 
of stainless steel for cranioplasty, com- 
parison with tantalum, 594 
Scrub Typhus See Tsutsugamushi Fever 
Sebaceous Glands , sebaceous secretion In 
absence of nerve fibers, 110 
Sella Turcica See also Pituitary Body 
suprasellar calcified lesion of unusual size, 
report of case, 476 

Semicircular Canals See Ear, internal 
Senility See Old Age 

Sensation See also Pain , Touch , Vibration , 
etc 

disorders , electrical paresthesias in ex- 
tremities following Injury to central 
nervous system, "^IIT 

of electric shock following head injury, *^30 
phenomena of sensory suppression, 481 
return after denervation and regeneration 
of sutured nerves, 347 
Septum, Nasal See Nose 
Serum Sickness See Anaphylaxis and Allergy 
Shenkln, H A Keversibility of dilatation of 
cerebral ventricles, 597 
Sherman, I C Contractures following ex- 
perimentally produced lesions of peripheral 
nerves, 344 

Shingles See Herpes zoster 
Shock, Electric See Dementia Precox , Elec- 
tricity , Electrotherapy , Epilepsy , In- 
sanity , Mental Diseases , etc 
Simon, B Cerebral dysrhythmia and psjclio- 
pathic personalities , study of 96 consecu- 
tive cases in military hospital, *677 
Sinus, Thrombosis See Thrombosis 
Skeleton See Bones 
Skin See also Sensation 
circulation in skin of proximal parts of 
limbs, 110 

electrical resistance of , effect of size of 
electrodes, exercise and cutaneous hydra- 
tion, *544 

electrical skin resistance test In evaluation 
of peripheral nerve injuries, *305 
neurologic disease following infections of 
throat and skin and incidence of diph- 
theritic infections, *558 
Skull See Cranium 
Sleeping Sickness See Encephalitis 
Sloan, L H Neurologic disturbances asso- 
ciated with multiple myeloma, 482 
Sloviter, H A Vital staining of experimental 
brain abscesses, 596 

Smallpox , meningoencephalitis complicating 
herpes zoster ophthalmicus after treat- 
ment by vaccination, *434 
Societies, American Psychiatric Association, 
222 

American Society for Research in Psycho- 
somatic Problems, Inc , 328 
Association for Research in Nervous and 
Mental Disease, 606 

North Pacific Society of Neurology and 
Psychiatry, 696 

Pennsylvania Psychiatric Society, 697 
Southern Psychiatric Association, 222 

Society Transactions 

Boston Society of Psychiatry and Neurologj, 
714 

Chicago Neurological Society, 122, 237, 342, 
482 737 

Illinois Psychiatric Society, 234 473 
New York Neurological Society and New 
York Academy of Medicine, Section of 
Medicine and Section of Neurology and 
Psjcluatry, 356 

New York Neurological Society and New 
York Academy of Medicine Section of 
Neurology and Psychiatrv 476 
Philadelphia Neurological Society, 594 
^‘'^iitielphia Psjchiatric Society, 115, 348, 
COO 

|odium Amjtal See Anxiety 
oidiers See Military Medicine, Neuroses and 
Psvchoneuroses etc 
somnolence See Sleep 
^^*Mc Chorea , Convulsions , Epilepsj , 
|necch In senility, 225 

penicillin therapy for, 122 

** Meninges, Nervous 

oj sicm , etc 

’ ^'nstematomyelia , report of 

ease 

Piflimmation See Myelitis 


Spinal Cord — Continued 
Intracentral and peripheral factors In differ- 
entiation of motor neurons in transplanted 
lumbosacral spinal cords of chick em- 
bryos, 107 

neurologic disturbances associated with 
multiple myeloma, 482 
syndrome of amyotrophic lateral sclerosis 
caused by cervical “hourglass tumor,” 
469 

Spinal Fluid See Cerebrospinal Fluid 
Spine, anatomic and physiologic considerations 
prerequisite to diagnosis of back trauma, 
710 

cervical disk prolapse, 233 
compound injuries, report of 2 cases, 737 
diagnostic aspects of unilateral ruptured 
cervical disk, 721 

differential diagnosis of traumatic lesions of 
710 

electromyography m differential diagnosis of 
ruptured cervical disk *651 
fractures, delayed paraplegia following frac- 
tures of vertebrae, 232 
injuries, new aspects of, 337 
intervertebral disk injury , analysis from 
industrial standpoint, 331 
lesions of cervical intervertebral disk, 332 
present status of surgical treatment of sci- 
atic and lumbosciatic pain due to lesions 
of Intervertebral disks, 332 
Splenomegaly , hepatolenticular degeneration 
(Wilson’s disease) , report of 1 case with 
severe portal cirrhosis and splenomegaly, 
583 

Splint, Intraoral, for facial palsy, 341 
Sprague, G S Mentally diseased patient as 
individual 119 

Stains and Staining, iron-alum-hematoxjlln 
staining method for myelinated fibers, 105 
Marchi reaction , its use on frozen sections 
and Its time limit 106 , 

vital staining of experimental brain 
abscesses 596 

Status Epilcpticiis See under Epilepsy 
Steel See Metals 

Stern, E M Psychiatry and public, 602 
Stools See Feces 

Streptococci, thrombosis of cavernous sinus 
with hemolytic streptococcic bacteremia, 
337 

Streptomycin, effect on nervous sjstem *190 
Streptothricin effect on central nervous sjs- 
tem *192 

Sturge-Weber Disease See Angioma , Epilepsj 
Subarachnoid Space See Meninges 
Subdural Spaces See Meninges 
Sugars See Carbohydrates , etc 
m Blood See Blood sugar 
Sulfadiazine See Meningitis 
Sulfamethazine See Meningitis 
Sulfapvridine See Sulfonamides 
Sulfonamides, spontaneous subarachnoid hem- 
orrhage with paraplegia following intra- 
thecal treatment with sulfapjridinc, 470 
Therapy See Meningitis , Nerves etc 
Sunderland S Course and rate of regenera- 
tion of motor fibers following lesions of 
radial nerve, *133 
Suprarenals See Adrenals 
Surgery See under organs and regions, as 
Brain surgery , etc 

Susselman, S Electnc shock therapy of 
elderly patients, *158 

Intravenous Injection of sodium amjtal as 
test for latent anxiety, *507 
Sweat electrical resistance of skin, effect of 
size of electrodes, exercise and cutaneous 
hydration *544 

Sweat Glands paroxvsmal attacks of uni- 
lateral sweating associated with pontile 
lesion report of case 482 
Swinyard, B A Effects of / (-f) glutamic 
acid and other agents on experimental 
seizures *20 

Syncope, studies of , differentiation between 
vasodepressor and hjstcrlcal fainting 15C 
Syphilis See Neurosjphilis , and under names 
of organs and regions 
permeability of hemocncephalic barrier in 
massive arscnotlierapv , 453 
Svnngobulbla Sec under Xlcdulla Oblongata 
Sjringopontia surgical treatment of svrlngn 
bulbia and sjringopontia, report of 
cases *412 
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Tantalum See Metals 

Tay-Sachs Disease See Idiocy, amauiotlc 

Temperature See Cold 

Temperature Sense, return of sensation after 
denervation and regeneration of sutured 
nerves 347 

Tetany, neurologic mechanism for certain 
phenomena In, *507 

Teuber H L Ring scotoma and tubular 
fields , their significance In cases of head 
Injury, *300 

Thalamus, diseases , macrostereognosla, 709 
Thematic Apperception Test See Mental 
Tests 

Thiocyanates, fatal poisoning from potassium 
thiocyanate used In treatment of hyper- 
tension 700 

Thomas W A Intravenous administration of 
histamine in treatment of migraine, 350 
Throat See also Pharynx, etc 
neurologic disease following Infections of 
throat and skin and incidence of diphthe- 
ritic Infections *558 
Thromboangiitis obliterans, cerebral, 343 
Thrombosis of caaemous sinus with hemolytic 
streptococcic bacteremia, 337 
Thyroid See also Parathyroid 
head trauma causing reactliatlon of thyro- 
toxicosis appearance of diabetes mcllltus 
amenorrhea and melanodQrmla 587 
Tliyrotoxicosls See under Thyroid 
Tic Douloureux See Neuralgia 
Ticks See Encephalitis 

Tinsley, M Compound spinal Injuries , report 
of 2 cases, 737 

Tissue respiration , oxidation of phospholipid 
catalyzed by Iron compounds with ascor- 
bic acid 45C 

sections , Mirchl reaction , Its use on frozen 
sections and Its time limit 100 
Staining See Stains and Staining 
Toes See Fingers and Toes 
Toman J E P Effects of /(-{-) glutamic 
acid and other agents on experimental 
seizures *20 

Tonsillectomy, recent and poliomyelitis, 408 
Touch , macroslerognosla 709 
return of sensation after dencrtatlon and 
regeneration of sutured nerves, 347 
Toxicomania* See under Morphine, etc 
Tractus Solltarlus See Medulla Oblongata 
Transference See Psychoanalysis 
Transplantation See Nones 
Trauma See also under Cranium, Extremi- 
ties Head , Spinal Cord , Spine , etc 
course and rate of regeneration of motor 
fibers folloning lesions of radial nenc 
*133 

Tremor See Parkinsonism 
Triplegia See Paralysis, spinal 
Trousseau Phenomenon, neurologic mechan- 
ism for certain phenomena in tetany, *507 
TsutsugamushI Disease, neuropsy chiatric ob- 
servations on scrub typhus, *12 
Tuberculosis See under names of organs, 
regions and diseases 

Tumors See Angioma , Epithelioma , Myeloma 
Neurinoma' Sarcoma , and under names 
of organs and regions, as Brain, Crani- 
um, Spinal Cord etc 

Typhoid , electroencephalographic studies dur- 
ing fever induced by typhoid lacclne and 
malaria in patients with neurosyplUlls 
223 

Ulcers, Inflammation and trophic ulcers in 
denervated areas 109 
Unconscious See Psychoanalysis 
Uniierslties Neuropsychiatric Institute at 
Medical College of Alabama, 222 
Urine, changes in electroencephalogram and in 
excretion of 17-keto steroids accompany- 
ing electroshock therapy of agitated de 
presslon, 733 

creatine and creatinine excretion of normal 
adult males 330 

fatigue In relation to adrenal cortex 717 

Vaccination See Smallpox 
1 ariola See Smallpox 

Vasomotor System See also Arteries , Capil- 
laries Nervous System etc 
Mfinilre’s syndrome results of treatment 
with nicotinic acid in vasoconstrictor 
group, 228 


Vasomotor System — Continued 
migraine headache, some clinical ohserva- 
tlons on vascular mechanism and Its con- 
trol 40 1 

Veins See Thrombosis, Vasomotor System 
Pressure In See Blood pressure 
Velum Palatinum See Palate 
Venereal Diseases See Ncurosyphllis , Syphi- 
lis etc 

Vertebrae See Spine 

Vertigo, Aural, MCnitre’s syndrome, present 
status of diagnosis and management, 333 
MenI6re’s syndrome, results of treatment 
with nicotinic acid In vasoconstrictor 
group, 228 

Acsllbulnr Apparatus See Ear 
Nuclei See Medulla Oblongata 
Veterans Administration contracts between 
Veterans Administration and private men- 
tal hygiene clinics, 222 
1 Ibratlon, ‘vibration sense” as differential 
diagnostic sign In doubtful cases of 
parkinsonian syndrome, 708 
Viruses See Poliomyelitis 
Viscera pain , demonstrations by determina- 
tion of skin potentials, 097 
Vision See also Blindness 
abnormal delay of visual perception (Pul- 
frlch effect), *198 

ring scotoma and tubular fields their sig- 
nificance in cases of head Injury *300 
scope and limitations of visual and auto- 
matic analysis of electroencephalogram, 
583 

I Ifamins See also Ascorbic Acid , Pyridoxine 
A dermatologic aspects of poliomyelitis, 
409 

C See Ascorbic Acid 

Walker A E Effects of antibiotic sub- 
stances on central nervous system, *184 
Penicillin therapy for spina bifida, 122 
Mar See also Aviation and Aviators, SIlll- 
tary Medicine, etc 
and its psychiatric problems 457 
early repair of neural wounds with peni- 
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